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PEEFAGE. 


It  is  unnecessary  at  the  present  day  to  insist  upon  the  import- 
ance of  a  knowledge  of  chemistry,  and  particularly  of  physio- 
logical and  pathological  chemistry,  to  the  student  of  medicine  ; 
but  it  must  always  be  carefully  borne  in  mind  that  just  as  the 
proper  study  of  pathology  requires  a  previous  knowledge  of 
histology  and  physiology,  so  the  study  of  physiological  chemistry 
should  be  founded  on  a  well-grounded  and  extensive  acquaint- 
ance with  the  principles  of  general  chemistry.  Not,  indeed, 
until  a  close  connection  was  established  between  chemistry  and 
medicine  did  any  decided  advance  occur  in  the  latter;  and 
by  its  means  the  medicine  of  the  future  will  undoubtedly  be 
still  further  enlightened  and  extended.  Physiological  chemistry 
promises  much  even  in  the  treatment  of  disease  ;  for  it  is 
beginning  to  be  seen,  from  the  investigation  of  the  molecular 
constitution  of  different  bodies,  that  there  exists  a  distinct 
connection  betw^een  their  specific  atomic  grouping  and  their 
physiological  action.  And  even  in  some  of  the  most  interesting 
investigations  of  the  pathology  of  the  present  day — those  con- 
nected particularly  with  the  causation  of  infectious  diseases — 
physiological  chemistry  will,  without  a  doubt,  take  a  most 
prominent  place;  for  there  is  every  reason  to  believe  that  the 
micro-organisms  which  play  so  important  a  part  in  these 
diseases  really  act  by.  virtue  of  a  ferment-working  virus  or 
zymosis  of  some  kind  which  accompanies  them  or  is  generated 
by    them.     The  hope   may  therefore   be   expressed   that   the 
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further  investigation  of  the  chemical  properties  of  these  micro- 
zymes  and  their  respective  zymoses  will  shortly  lead  to  a  closer 
acquaintance  with  their  mode  of  action,  as  well  as  to  a  know- 
ledge of  how  to  stamp  them  out  or  to  thwart  their  activity. 
And  either  to  understand  them  or  to  be  able  effectually  to 
counteract  their  virulence  will  demand  a  great  increase  upon 
our  present  knowledge  of  the  chemistry  of  the  body  both  in 
health  and  disease. 

In  the  following  pages  an  attempt  has  been  made  to  present 
the  medical  student  and  practitioner  with  an  outline  of  the 
most  important  branches  of  physiological  chemistry;  but  to 
render  the  work  more  complete,  both  for  private  study  and  for 
laboratory  purposes,  I  have  been  compelled  to  introduce  brief 
descriptions  of  such  bodies  as  sugars,  fats,  and  certain  salts,  &c., 
which  are  more  appropriately  treated  of  in  w^orks  upon  general 
chemistry. 

I  have  treated  my  subject  under  four  main  heads  :— 

Book  I.    Nutrition  and  Foods. 
„    II.   Digestion  and  the  Secretions  concerned. 
„  III.    I'he  Chemistry  of  the  Tissues,  Organs,  and  Remaining 

Secretions. 
„  IV.    The  Excreta  :  the  Fa>ces  and  Urine. 

Every  effort  has  been  made  to  render  the  work  as  practical 
as  possible.  I  have  accordingly  confined  myself  chiefly  to  those 
parts  of  the  subject  which  bear  most  directly  upon  practical 
medicine;  and  I  feel  sure  that,  by  following  the  indications 
laid  down  throughout  the  book,  effectual  assistance  will  often 
be  given  to  the  physician  in  establishing  the  diagnosis  as  well 
as  the  etiology  of  many  of  the  complicated  diseases  he  may  be 
called  upon  to  treat  or  investigate. 

Temperatures  have,  with  a  few  exceptions,  been  stated  in 
centigrade  degrees.  A  choice  of  methods  and  processes  has 
generally  been  given,  particularly  when  there  is  any  difficulty 
to  be   overcome ;  and,   when    the    importance   of  the  subject 
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merited  it,  not  only  the  methods  but  also  the  theories  of 
different  authorities*  have  been  detailed. 

Discussions  of  unsettled  questions  have  as  much  as  possible 
been  avoided  ;  and,  keeping  steadily  in  view  the  object  for 
which  the  book  is  intended,  the  author  has  been  compelled, 
and  often  reluctantly,  to  omit  many  subjects  and  details  that 
in  themselves  are  highly  interesting  and  instructive,  but  which 
he  deemed  beyond  the  limits  of  the  present  treatise.  Despite 
his  wishes,  however,  the  book  has  far  outgrown  his  original 
intentions. 

The  urine,  as  being  from  a  physiological  as  also  a  patho- 
logical point  of  view  one  of  the  most  important  excretions  of 
the  organism — many  of  its  indications  being  of  the  most 
precious  and  valuable  kind  to  the  physician  and  surgeon  both 
in  diagnosis  and  treatment — has  therefore  been  treated  with 
considerable  detail.  Some  of  the  most  approved  methods  for 
the  examination  of  this  fluid  have  been  given,  and,  as  far  as 
possible,  all  its  indications  that  possess  a  diagnostic  value  have 
been  referred  to,  with  a  view  to  establishing  as  rational  a  line 
of  treatment  as  possible. 

In  the  syllabus  with  which  the  book  concludes  a  course  of 
procedure  is  indicated  which  may  be  pursued  with  great 
advantage  by  the  student ;  but  of  course  the  amount  of  work 
to  be  done  will  largely  depend  upon  the  time  at  his.  disposal. 
Unless,  however,  this  is  very  limited,  it  would  be  greatly  to 
his  benefit  to  go  through  the  scheme  I  have  laid  down,  omitting 
possibly  a  few  of  the  modes  of  preparation  in  some  of  the 
sections.  By  means  of  demonstrations  also  it  would  be  possible 
to  lighten  his  labours  considerably ;  and  only  in  this  way,  it 
seems  to  me,  will  the  student  be  able  to  grapple  successfully 
with  the  task  before  him.  But  it  must  be  confessed  that  it  is 
far  too  commonly  the  case  for  students  to  begin  the  study  of 
physiological  chemistry  before  having  attained  any  accurate 
acquaintance  with  general  chemistry.  This  is  greatly  to  be 
deplored,  for   under   such    circumstances   they  cannot   derive 
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the  benefit  they  otherwise  would  be  sure  to  gain.  Not  only 
should  the  student  have  a  thorough  knowledge  of  the  elements 
of  general  chemistry,  but  it  w  ould  also  favour  his  progress  greatly 
if,  in  addition  to  the  ordinary  practical  course  of  qualitative 
analysis  generally  pursued,  he  performed  a  few  simple  quantita- 
tive analyses. 

The  names  of  authorities  have,  as  a  general  rule,  been 
quoted,  but  references  have  been  entirely  omitted,  as  it  was 
found  that  the  space  which  would  have  thus  been  occupied 
would  have  been  much  too  considerable  in  a  mere  manual  like 
the  present;  but  while,  as  far  as  I  possibly  could,  I  have 
acknowledged  in  the  brackets  throughout  the  book  the  very 
numerous  authorities  responsible  for  the  facts  or  theories 
stated,  yet  I  feel  that  I  should  at  least  mention  here  the  works 
to  which  I  have  been  particularly  indebted,  viz.  Hoppe  Seyler's 
*  Physiologische  Chemie  '  and  '  Handbuch  d.  Physiologisch-  und 
PathQlogisch-Chemischen  Analyse,'  Hermann's  'Handbuch  d. 
Physiologic,'  Hofmann's  '  Lehrbuch  d.  Zoochemie,'  Kuhne's 
Physiologische  Chemie  '  and  '  Untersiichungen  aus  d.  Physio- 
logischen  Institute  d.  Univ.  Heidelberg,'  Salkowski  and 
Leube's  'Die  Lehre  vom  Harn,'  Liebermann's  'Chemie  d. 
Menschen,'  Pfluger's  'Archiv  f.  Physiologic,'  GtAUTIEr's 
'  Chemie  appliquee  a  la  Physiologic,'  Pavy's  '  Food  and 
Dietetics,'  Smith's  '  Foods,'  Foster's  '  Physiology,'  and  Watt's 
'  Dictionary  of  Chemistry.' 


Crofton  Lodge,  Streatham,  Londox,  S.W. 
March  1884. 
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NUTEITION    AND     FOODS. 


CHAPTER  I. 

APPARATUS  AND    CHEMICALS. 
The  student  should  be  provided  with  the  following  reagents  : — 


Water,  rain  or  distilled 

Ammonia 

Alcohol,  absolute 

Caustic  potash,  in  sticks  and  in 

methylated  spirit 

solution  (1  :  2),  and  (1  :  8) 

Ether 

Caustic  soda 

Chloroform 

Slaked  lime  « 

Glycerin 

Baryta  water  (1  :  15) 

Hydrochloric  i 

icid 

Alum 

Nitric 

}j 

Ammonic  oxalate  (1  :  20) 

Sulphuric 

j> 

„         chloride  (1:8) 

Glacial  acetic 

j> 

„         carbonate  (I  :  -1) 

Oxalic 

5) 

,,         molybdate  '* 

Chromic 

J' 

Bromine 

Tartaric 

;> 

(1: 

1) 

water  (1  :  30) 

Tannic 

5> 

(i: 

10) 

Baiic  chloride  (1  I  10) 

''  Slaked  Lime. — To  prepare  inilk  of  lime  place  some  fragments 
cf  recently  burnt  lime  in  a  capsule,  and  add  a  little  water,  stirring 
the  mass  with  a  glass  rod.  A.  fine  powder  will  be  obtained,  when 
more  water  is  to  be  added  until  a  milky-looking  fluid  is  obtained, 
which  is  to  be  filtered  through  some  muslin. 

''  Molyhdaie  of  Atnmonia. — Dissolve  4  grams  in  a  little  am- 
monia, and  then  add  about  60  c.c.  nitric  acid ;  lay  aside  for  some 
time,  decant,  and  make  up  to  100  c.c.  with  water. 
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Baric  nitrate  (1  ;  12) 

„  „      (saturated) 

Bismuthic  nitrate 
Calcic  chloride  (1:5) 

„      carbonate 
Chloride  of  lime 
Copper  sulphate  (1  :  12) 
Chlorine  water  '^ 
Iodine,  tincture 

„      solution  (5  grains  shaken 
up  with  1  oz.  water)  '^ 
Indigo  solution 
Iron  sulphate  ( I  I  4) 

„     sulphide 
Litmus  solution " 
Liquor  ferri  perchloridi  (1  :  10) 
Lead  acetate  (1  I  8) 

(neutral  and  basic) 
Magnesic  sulphate  (1  I  6) 

.,  „        (saturated) 

Magnesia  mixture  ^ 


Mercurous  chloride  (calomel) 
Mercuric  „       (1  I  16) 

„  nitrate 

Millon's  reagent  ^ 
Magenta 

Platinic  chloride  (1  :  10) 
Potassic  chromate  (1  :  20) 
„        nitrate  (free  from 

chloride) 
,,        sulphocyanide 
,,        ferrocyanide  (1  :  12) 
„        ferricyanide  (1  :  12) 
iodide  (1  :  20) 
Rosolic  acid  (1  :  100  alcohol) 
Starch  solution  ^ 
Sodic  acetate 

,,    carbonate  (saturated 

and  1  :  8) 
.,    chloride  (saturated) 
„    phosphate  (saturated  and 
1  :  20) 


'  Chlorine  Water.  —  Prepare  chlorine  gas  by  grntly  warming 
some  black  oxide  of  manganese  with  strong  sulphuT  ic  acid  in  a  small 
retort,  and  pass  the  gas  into  water  to  saturation. 

Or  heat  the  following  mixture  :  sodic  chloride  18,  black  man- 
ganic oxide  15,  sulphuric  acid  45,  and  water  15. 

'^  Solution  of  Iodine. — Dissolve  2  parts  potassic  iodide  in  100 
[>ai*ts  water,  and  then  add  1  pait  iodine  and  shake  well. 

*"  Litmus  Solution.  —  Place  10  grams  litmus  cake  in  ^  litre 
distilled  water,  leave  it  to  digest  in  a  warm  place  for  3  or  4  hours, 
and  then  decant  the  clear  liquid  from  the  sediment.  To  half  of  it  add 
a  few  drops  very  dilute  sulphuric  acid  until  a  faint  reddish  or  violet 
tinge  is  obtained  ;  and  to  the  other  half  a  very  little  dilute  alkali  until 
it  becomes  blue. 

■f'  Magnesia  Mixture. — Crystallised  sulphate  of  magnesia  1,  am- 
monium chloride  2,  ammonia  4,  water  8.     Mix  well  together, 

s  MUhn^s  Reagent.  —  1  part  mercury  is  tieated  with  2  parts 
nitric  acid  (sp.  gr.  1*4)  in  the  cold,  and  then  over  a  water  bath  till 
completely  dissolved ;  it  is  to  be  diluted  with  2  parts  water,  and  the 
clear  liquid  decanted  after  3  or  4  hours. 

*  Starch  Solution. — Eub  1  part  starch  with  8  parts  cold  water 
in  a  mortar ;  then  pour  the  mixture  slowly  into  40  parts  boiling  water. 


APPARATUS  AND    CHEMICALS. 


Sodic  sulphate  (saturated) 

„    nitroprussidfi 

„    hypochlorite 
Silver  nitrate  (1  :  30) 


Sulphuretted  hydrogen  and 

ammonium  sulphide* 
Tin  protochloride 
Zinc  chloride 


•  Sidphuretted  Hydrogen.  —  Prepare  this 
when  required,  using  a  large  wide-mouthed 
bottle  half  filled ,  with  dilute  sulphuric  acid. 
The  cork  of  this  bottle  is  pierced  by  two  holes, 
through  one  of  winch  passes  tightly  a  strong 
glass  rod  hooked  upwards  at  its  lower  end. 
This  hook  supports  .a  small  porcelain  dish 
})ierced  with  holes,  and  in  which  fragments  of 
ferric  sulphide  are  placed.  The  other  hole  in 
the  cork  contains  the  tube  for  the  escape  of  the 
gas,  and  to  this  is  fitted  a  wide  drying  tube 
filled  with  cotton.  When  the  gas  is  needed, 
lower  the  ferric  sulphide  into  the  acid  by 
])ushing  down  the  supporting  rod;  by  raising 
it  again  the  evolution  of  gas  ceases.  It  is  ad- 
visable to  wfish  the  gas  by  passing  it  through  a 
little  water. 

Ainmonic  Sulphide. — Prepare  this  by  satu- 
rating, say,  60  c.c.  liquor  ammoniae  with  hydric 
sulphide  gas,  and  adding  to  it  40  c.c.  more  of 
the  liquor  ammoniie. 

Of  APPARATUS  it  is  well  to  be  provided  with 
the  following : — 

Test  tubes  (12) 
Test-tube  rack  with  draining 
^  pegs 
Small  funnels  (^  oz.,  2   oz., 

4  oz.,  8  oz.,  10  oz.) 
Small  tube  funnels 
Glass  rods 

,,     tubing  of  different  dia- 
meters 
Wash  bottle  (water) 
(spirit) 
Two  or  three  nests  of  beakers 
Flasks   of  different   sizes,  in- 
cluding Florence  flasks 


Fit}.     1.  —  SULI'HUKErrKD 
HYDKOUEN  Ari'ARATUS. 

a,  large  bottle  contain iug 
dilute  sulphuric  acid  ; 
ft,  a  glass  rod  that  can 
he  moved  up  and  down 
in  the  cork  stopping  the 
bottle,  and  supporting 
a  small  porcelain  cup 
jiierced  with  holes  and 
filled  with  ferric  sul- 
]ihide  ;  c  a  drying  tube 
filled  with  cotton. 


Porcelain  evaporating  diiihes 

Small  conical  glasses 

Watch  glasses 

Water  bath 

Sand  bath 

Spirit  lamp 

Bunsen  lamp 

Rose  or  ring  burner 

Blowpipe 

Three-cornered  and  rat- tailed  files 

Cork-borers 

Spatulas — one  of  platinum 

Crucible  tongs 

Wire  triangles 
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Retort   stands  provided  with 
rings  of  different  sizes 

Pincers 

Forceps 

Woulf  s  bottles 

Wedgwood  mortar  (1  pint) 

Small  mortar 

Platinum  foil 
,,         wire 

Small  porcelain  crucibles 
,,    distillation  apparatus 

An  air  bath 

Thermometer  indicating  up  to 
150° 

An  ordinary  balance 

A  chemical  balance 


Indiarubber  tubing 

Sheet  indiarubber 

A  microscope 

A  polariscope 

Slides  and  cover  glasses 

Urinometer 

Pipettes 

Graduated  pipettes 

Glass  measures 

A  set  of  Mohr's  burettes 

Filtering  paper 

Blue  and  red  litmus  paper 

Litmus  solution  and  cake 

Slips  of  paper  prepared  with 
acetate  of  lead,  turmeric, 
and  ammonium  molybdate 


Fm.  2.— Mohr's  Buukttks  and  Pipbites. 

witli  a  pinch  cock,  b  with  a  piece  of  glass  rod  in- 
serted in  the  indiarubber  connecting  tube  ;  c,  pi- 
pettes for  delivering  definite  quantities  of  liquid. 


Pipettes  are  glass  tubes 
graduated  so  as  to  deliver 
exact  quantities  of  liquid, 
as,  say,  5  c.c,  10  c.c,  and 
50  c  c.  respectively.  They 
are  inserted  into  the  liquid, 
and  this  is  sucked  up  till 
it  nearly  fills  the  pipette; 
the  upper  end  is  then  ra- 
pidly covered  with  the  tip 
of  the  foi-efinger,  and  the 
liquid  allowed  to  escape 
by  cautiously  raising  the 
finger  until  the  level  of 
the  liquid  is  opposite  the 
graduation  mark  desired. 

Burettes. — Three  Mohr's 
burettes  of  30  to  50  c.c. 
capacity,  graduated  in  |th 
or  yV^h  c.c.  Instead  of  a 
clip  there  may  be  used  a 
little  piece  of  glass  rod 
rather  more  than  ^rd  of  an 
inch  long  inserted  in 


the 

indiarubber  tube,  and  not 
fitting  it  too  tightly;  this  stops  the  passage  unless  when  the  tube  is 
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drawn  to  one  side  with  the  finger  and  thumb,  a  small  canal  being 
thus  formed,  through  *^hich  the  fluid  escapes. 


Cross  section  of  the  indiarubber  tube  Cross  section  showing  the  channel  at 

with  the  glass  rod  contained  in  it.  the  side  between  the  rod  and.  the 

tube  formed  by  the  stretching  of 
the  latter  by  the  pressure  of  the 
finger  and  thumb. 

In  using  th'sse  burettes  they  should  be  kept  scrupulously  clean, 
particularly  the  indiarubber  connections ;  and  before  beginning  to 
use  them  fill  completely  with  the  standard  solution  or  fluid,  and  let 
some  of  it  escape  by  the  indiarubber  until  the  column  of  liquid  stands 
at  0°.  In  reading  the  graduations  care  must  be  taken  that  the  tube 
is  vertically  placed,  and  the  eye  on  the  same  level  as  the  liquid  in  the 
tube ;  the  lowest  point  also  of  the  meniscus  is  to  be  selected,  and  the 
finding  of  this  can  often  be  facilitated  by  placing  a  small  card,  half  of 
which  is  white  and  half  black,  behind  the  tube,  the  upper  margin  of 
the  black  half  about  on  a  level  with  the  surface  of  the  liquid. 

Measuring  Flasks,  <kc.—OnQ  litre  flask  and  one  |-litre  flask;  one 
graduated  cylindrical  glass  measure  of  about  500  c.c.  A  glass-stop- 
pered test  mixer,  graduated,  and  capable  of  holding  about  2  litres,  is 
useful  in  the  preparation  of  volumetric  solutions. 


CHAPTEK   II. 

METHODS  AND   PROCESSES. 


Dialysis. — This  term  is  applied  to  the  separation  of  diffusible  from 
non-difliisible  bodies.  Certain  substances  possess  the  property  of 
passing  readily  through  animal  membranes  or  vegetable  parchment, 
while  others  are  devoid  of  it.  Thus,  if  we  place  some  salts  in  solution 
in  a  vessel  with  a  parchment  bottom,  and  immerse  the  vessel  in 
water,  the  salts  will  penetrate  the  parchment  until  the  densities  of 
the  two  fluids  are  alike. 

The  diflfusibility  of  substances  varies  greatly,  some  possessing  the 
property  much  more  than  others.  Thus,  of  the  four  bodies  hydro- 
chloric acid,  potassic  chloride,  sodic  chloride,  and  magnesic  sulphate 
the  diffusibility  is  greatest  with  the  first  and  least  with  the  last. 
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As  a  rule  diffusion  ia  more  rapid  with  crystalline  bodies,  while 
it  is  slow  with  non-crystalline  bodies  like  gelatin ;  and  accordingly 
bodies  that  pass  thus  readily  through  or  penetrate  membranes  or 
gelatinous  masses  are  called  crystalloids,  while  those  not  possessing 
the  property  are  named  colloids  (Graham).  But  it  must  be  remem- 
bered that  all  bodies  that  crystallise  (such  as  haemoglobin)  do  not 
dialyse,nor  are  all  noncrystalline  bodies  indifTusible;  thenon-cystalline 
peptones,  for  example,  difliise  readily.  By  this  process  of  dialysis 
colloidal  substances  like  mucus,  albumin,  gelatin,  gum,  &c.,  can  bo 
separated  from  crystalloids  like  salts  and  sugar. 

Diffusion  is  favoured  by  agitation,  by  an  elevated  temperature,  and 
by  a  large  surface ;  and  the  greater  the  difference  in  density  between 
the  fluids  on  each  side  of  the  membrane  the  greater  will  be  the  rapidity 
of  the  diff'usion.  The  process  will  therefore  be  quickened  by  changing 
the  external  fluid  frequently  and  concentrating  that  contained  in  the 
dialyser.  The  term  osmose  is  applied  to  this  passage  of  fluids  through 
a  membrane,  this  being  simultaneously  saturated  by  both  liquids, 
and,  according  as  the  passage  is  inwards  or  outwards,  the  process  is 
named  end  osmose  or  exosmose  respectively.  The  attraction  or  affinity 
of  the  two  liquids  for  each,  other,  and  the  difference  in  the  attraction 
the  diaphragm  exercises  on  each  are  the  chief  factors  concerned.  The 
size  of  the  moelcules  of  the  substances  on  each  side  of  the  membrane, 
and  of  the  interstices  of  the  membrane  itself,  are  also  of  importance. 
Thus  haemoglobin,  although  a  crystalloid,  and  albumin,  &c.,  on 
account  of  the  large  size  of  their  molecules,  cannot  pass  through  or 
dialyse.  Generally,  two  currents  traverse  the  membrane  in  opposite 
directions,  one  of  which,  however,  exceeds  the  other  in  intensity ;  but 
in  some  cases,  as  where  concentrated  colloidal  solutions  are  on  one  side 
of  the  diaphragm  and  water  on  the  other,  tlie  water  alone  traverses 
the  membrane. 

A  dialyser  is  readily  made  by  tying  a  piece  of  soft  moist  bladder 
or  parchment  paper  over  the  lower  mouth  of  a  glass  vessel  of  conical 
or  bell  shape  and  open  above.  Care  should  be  taken  to  tie  the 
membrane  on  very  tightly,  and  the  membrane  should  present  no 
fissures  :  accordingly,  after  the  tying  has  been  completed,  pour  water 
into  the  dialyser  thus  made,  and  note  if  any  traces  of  moisture  appear 
on  the  lower  side  of  the  membrane,  indicating  solutions  of  continviity ; 
this  may  be  noted  directly  by  the  eye,  or  by  placing  the  dialyser  on  a 
sheet  of  blotting-paper.  If  so,  brush  some  white  of  egg  over  these 
spots,  and  plunge  the  membrane  into  hot  water  to  coagulate  the  albu- 
min ;  or,  if  necessary,  stick  a  piece  of  fresh  parchment  over  these 
])oints  by  means  of  the  white  of  egg,  the  latter  being  coagulated  by 
passing  a  hot  iron  over  the  patch.     The  dialyser  thus  constructed  is 
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or 


Fig.  3. — DiALYSER. 

The  inner  vessel  is  closed  below  with 
parclinient,  which  is  held  in  its  place 
by  a  closely  fitting  double  elastic  ring. 


then  placed  upon  a  tripod  in  a  larger  vessel  filled  with  water,  or  it  is 
suspended  in  it  by  m^ns  of  a  thread. 

Another  convenient  form  consists  of  a  double  hoop  of  wood 
guttapercha,  the  inner  hoop  being 
slightly  conical  and  about  two  inches 
deep,  and  the  outer  about  an  inch 
deep,  the  membrane  being  fixed  be- 
tween them.  This  form  is  used  when 
the  liquid  to  be  diffused  amounts  to 
eight  or  ten  ounces  ;  and  it  is  allowed 
to  float  on  water  in  a  larger  vessel. 

Small  diahjsers  can  readily  be  made 
from  wide  test  tubes,  the  parchment 
being  tied  over  the  mouth  and  the 
closed  end  cut  off. 

In  dialysing,  the  layer  of  liquid 
inside  the  dialyser  should  not  be  much 
deeper  than  half  or  three-quarters  of  an 

inch,  and  it  is  to  be  gently  agitated  from  time  to  time ;  and 
the  fluid  outside  ought  to  be  at  least  four  or  five  times  greater  in 
amount, 

Decantation. — This  is  one  of  the  methods  employed  in  washing  a 
])recipitate  that  is  heavy  and  subsides  readily.  The  precipitate  is 
vigorously  shaken  up  with  successive  quantities  of  water,  which  is 
poured  off  when  the  precipitate  has  settled  down  ;  and  it  is  advisable 
to  let  it  run  along  a  wet  glass  rod  held  in  contact  with  the  margin 
of  the  containing  beaker.  At  this  point  a  little  lard  should  be 
smeared  on  the  outer  surface,  to  prevent  the  fluid  trickling  down  the 
outside  of  the  beaker. 

If  the  washing  is  done  on  a  large  scale  it  is  better  to  make  use  of  a 
siphon.  A  pipette  may  be  employed  to  suck  off  the  supernatant 
liquid  when  it  is  present  in  small  amount,  and  sometimes  if  the  layer 
is  very  thin  it  may  be  removed  by  the  careful  introduction  of  a  fold 
of  filter  paper. 

Siphons  and  pipettes  are  also  useful  in  separating  two  layers  of 
different  liquids  one  from  the  other. 

Desiccation. — By  this  process  the  hygroscopic  water  that  adheres 
so  closely  to  different  substances,  particularly  those  of  animal  origin, 
is  removed.  As  a  great  many  organic  substances  begin  to  decompose 
at  temperatures  above  120°  to  130°  C,  it  is  therefore  necessary  during 
the  process  of  desiccation  to  maintain  the  temperature  between 
100°  and  120°,  and  this  should  be  kept  constant  as  far  as  possible. 
Many  substances  bear  a  temperature  of  130°  to  140°  C.  without 
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decomposition,  but  a  temperature  of  \\(f  is  the  most  generally 
useful. 

A  square  or  cylindrical  strong  copper  box  that  can  be  readily  opened, 
and  which  is  provided  with  a  perforated  shelf  whereon  to  place  the 
dish  containing  the  preparation  to  be  dried,  and  with  an  opening  in 
its  cover  in  which  a  thermometer  is  fixed,  is  most  frequently  used  for 
desiccation  purposes.  Care  must  be  taken,  that  neither  the  ther- 
mometer nor  the  drying  dish  comes  in  direct  contact  with  the  floor  or 
wall  of  the  drying  chamber. 

A  washed  p7'eci27itate  still  lying  in  its  funnel,  if  intended  to  be 
dried,  may  first  be  placed  in  a  small  wire  tripod  standing  upon  a  sheet 
of  wire  gauze  or  netting  that  is  supported  at  a  convenient  height  over 
a  flame  by  another  larger  wire  tripod.  When  nearly  dry  transfer 
the  filter  with  its  contents  to  a  water  bath  ;  and  if"  a  higher  tempera- 
ture is  required  to  complete  the  desiccation  recourse  may  be  had  to 
the  process  that  follows. 

A  good  plan  for  completing  the  drying  of  precipitates  on  filters, 
when  they  have  to  be  afterwards  weighed,  is  to  place  the  folded  filter 
with  its  coutained  precipitate  between  two  watch  glasses  not  her- 
metically closed,  to  transfer  the  latter,  after  having  been  fixed  with 
metal  clips,  to  the  interior  of  the  desiccating  chamber  for  a  quarter 
to  half  an  hour,  when  they  are  to  be  clipped  as  tightly  as  possible — the 
watch  glasses  should  have  ground  edges  to  admit  of  this — and  then  to 
leave  them  under  cover  to  cool  slowly  over  a  dish  of  sulphuric  acid,  as 
described  in  the  following  paragraph. 

Drying  over  Sulphuric  Acid. — Hygroscopic  powders,  on  account  of 
the  rapidity  with  which  they  absorb  moisture  from  the  air,  must, 
after  having  been  ignited,  be  allowed  to  cool  under  a  bell  jar,  a  dish 
containing  sulphuric  acid  being  present.  The  air  in  the  bell  jar  is 
thus  maintained  in  a  dry  state. 

A  dry  chamber  may  also  readily  be  formed  by  means  of  a  large 
beaker  with  ground  edges,  that  are  to  be  smeared  with  lard,  and  a 
smooth  plate  of  glass  to  be  laid  thereon.  The  acid  is  poured  into  the 
bottom  of  the  beaker,  and  the  hygroscopic  powder  placed  between 
two  watch  glasses  loosely  secured  by  a  clip ;  the  watch  glasses  are 
supported  on  a  little  tripod  made  of  three  small  glass  tubes  fixed 
together  with  lead  wire.  By  placing  the  beaker  with  its  contents, 
but  without  its  cover,  under  the  receiver  of  an  air  pump,  and  then 
exhausting,  a  powder  may  be  dried  without  the  aid  of  heat ;  but  the 
desiccation  requires  several  days. 

To  Dry  Flasks,  Tubing,  d'c. — After  the  fask  has  drained  com- 
})letely,  warm  it  carefully  and  suck  the  air  from  its  interior  from  time 
to  time  witli  a  long  glass  tube  dipping  down  into  it. 
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Narrow  glass  tubing  may  be  dried  by  drawing  or  pushing  a  piece 
of  dry  filter  paper  or-cotton  through  it ;  but  with  long  and  very  fine 
tubes  recourse  must  be  had  to  heating  some  length  of  them  over  a 
flame  and  subsequently  drawing  air  through  with  the  mouth  or  other- 
wise. Small  tubes,  such  as  reduction  tubes  and  the  like,  are  readily 
dried  by  placing  them  upon  a  heated  metal  plate  or  in  a  hot  sand 
bath. 

Distillation.-^The  boiling  point — that  is,  the  temperature  at  which 
different  bodies  pass  ofi'ra{)idly  in  the  form  of  vapour — varies  greatly, 


Fig.  4. — Simple  Distillation  Apparatus. 

The  construction  is  very-simple,  the  condenser  consisting  of  a  wide  glass  tulje  through 
which  th9  narrow  glass  tube  from  the  flask  a  passes,  A  constant  current  of  col'l 
water  is  obtained  by  allowing  water  to  flow  from  a  tap  into  b  :  it  escapes  by  c.  The 
condenser  is  fitted  to  d.    A  small  glass  flask  will  serve  the  purpose. 


some  being  much  more  volatile  than  othere.     Advantage  is  taken  of 
this  in  the  process  of  distilla^tion  to  separate  these  bodies. 

The  parts  of  any  distillation  apparatus  consist  essentially  of  a 
boiler  and  of  a  condenser.  A  simple  form  is  Liebig's,  in  which  the 
long  neck  of  a  glass  retort  is  inserted  into  the  inner  tube  of  the  con- 
denser, that  is  made  of  a  tapering  glass  cylinder  fixed  by  perforated 
corks  in  the  centre  of  a  wider  metal  pipe.  Between  these  two  tubes 
cold  water  is  made  to  circulate,  the  water  entering  by  a  long  tube 
near  the  lower  end,  and  as  it  is  heated  rising  and  flowing  out  by  a 
small  tube  near  the  upper  end.  By  connecting  both  these  tubes,  one 
with  a  tap  and  ihe  other  with  a  sink,  by  means  of  indiarubber  tubing, 
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the  current  is  rendered  constant.  The  narrow  end  of  the  condenser 
dips  into  the  flask  or  receiver  into  which  the  condensed  liquid  drops. 
Where  the  neck  of  the  retort  is  fitted  into  the  condensing  tube  the 
connection  should  be  made  air-tight  by  wrapping  a  ribbon  of  stretched 
indiarubber  round  this  part  of  the  neck  before  inserting  it. 

A  thermometer  is  fixed  into  the  retort  by  passing  it  through  the 
cork  at  its  summit,  and  it  should  nearly  touch  the  bottom.  The  heat 
is  gradually  applied  by  a  rose  or  ring  burner,  or,  failing  these,  by  an 
ordinary  Bunsen  lamp. 

Distillation  on  a  small  scale  can  readily  be  performed  l)y  using  a 
plain  retort,  surrounding  its  long  neck  with  some  folds  of  blotting- 
paper,  and  keeping  this  wet  by  water  dropping  upon  it  from  a  bottle 
placed  at  a  higher  level.  Failing  a  retort,  the  purpose  will  also  be 
effected  by  using  a  Florence  flask  with  a  long  bent  tube  fitting  into 
the  cork  closing  it,  and  dipping  loosely  through  a  perforated  cork  into 
another  similar  flask  lying  in  a  basin  of  cold  water. 

Evaporation. — The  usual  temperature  employed  is  100°,^  which 
is  easily  obtained  with  the  water  bath ;  but  when  the  evaporation  is  to 
be  done  at  a  lower  temperature  an  air  or  sand  bath  can  be  employed. 

To  2n-€vent  loss  of  fluid  one  of  these  plans  can  be  adopted:  (1) 
Place  a  small  funnel  in  the  mouth  of  the  flask ;  (2)  fix  into  the  cork 
closing  the  flask  a  glass  tube,  2  to  4  feet  long;  this  tube  may  be 
drawn  out  to  a  capillary  opening  at  its  upper  extremity,  if  necessary ; 
(3)  connect  the  flask  with  the  condenser  of  a  Liebig's  apparatus. 

Ethereal  or  alcoholic  solutions  are  to  be  evaporated  over  a  water 
bath,  and  not  over  a  naked  flame.  In  evaporating  alhunvbious  solu- 
tions avoid  charring,  and  stir  frequently  with  a  glass  rod  during  the 
operation. 

In  heating  beakers  care  should  be  taken  not  to  apply  the  naked 
flame,  but  let  the  beaker  be  placed  over  the  flame  on  a  wire  gauze,  or 
on  a  flat  iron  plate  suj)ported  on  a  tripod.  A  sand  bath  mny  also  be 
employed. 

2%e  maintenance  of  a  constant  temperature  is  best  eflected  by  a  gas 
regulator  (Bunsen's  or  Page's),  lloughly  it  may  be  accomplished  by 
carefully  regulating,  with  the  help  of  a  thermometer,  the  size  of  the 
flame  of  a  burner  applied  to  a  sand  bath,  or  to  a  small  metal  chamber 
surrounded  by  a  double  wall  in  which  water  is  contained. 

Filtration. — The  filter  should  always  be  smaller  than  the  funnel 
in  which  it  is  inserted,  and  generally  it  should  be  moistened  mth 
water  before  being  used.  Eibbed  filters  are  employed  for  quick  filtra- 
tions,  when  the  filtrate  alone  is  wanted ;  or  the  filter  may  be  allowed 

'  When  not  otherwise  indicated,  the  temperatures  will  be  given  in  the 
centigrade  scale. 
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to  rest  upon  three  or  four  glass  rods  liookej  on  to  the  upper  edge  of 
the  funneh 

Double  funnels  are  sometimes 
required,  especially  when  it  is  de- 
sired to  keep  the  filtering  fluid  hot 
during  its  passage  through.  A 
double  funnel  may  easily  be  fitted 
up  by  placing  a^lass  funnel  inside 
a  larger  tin  funnel,  so  that  a  space 
may  intervene  between  them,  the 
tube  of  the  glass  funnel  passing 
through  a  perforated  cork  fixed 
in  the  lower  extremity  of  the  tin 
funnel.  Warm  water  is  allowed 
to  flow  into  the  space  between  the 
two  from  above,  and  to  escape 
through  a  small  tube  below. 

With  voluminous,  dense,  or 
mucilaginous  deposits,  first  pass 
through  linen  or  fine  muslin,  and 
if  necessary  through  an  additional 
coating  of  flannel. 

Filtration  may  be  greatly  ac- 
celerated by  reducing  the  pres- 
sure inside  the  vessel  into  which 
the  liquid  is  flowing.  This  can 
be  effected  as  follows  :  Two  large 
glass  jars  are  connected  as  in  the 
diagram,  and  the  interior  of  the 
vessel  in  which  the  filter  is  fixed  is 
brought  into  connection  with  the 
upper  glass  jar.  The  funnel,  which 
must  be  perfectly  smooth  in  its 
interior,  passes  tightly  through 
the  cork,  and  is  accurately  fitted 
with  a  little  perforated  cone  of 
thin  platinum,  in  which  the  apex 
of  the  filter  rests.  The  upper 
jar  is  filled  with  water,  and  when 
this  is  allowed  to  discharge  itself 


Fm.  5.— FiLTEKIXG  APPAHATUfl. 

and  6  are  two  large  bottles  connected,  as 
indicated  in  the  drawing,  by  a  narrow 
indiarubber  tube  with  tlack  walls.  The 
upper  bottle  should  be  placed  as  high 
as  possible,  c  is  a  bottle  into  which  the 
filtrate  is  to  pass.  The  interior  of  this  is 
in  connection  with  a  by  a  tliick-walled  tube 
d.  Into  the  stopper  of  c  the  funnel  e  is 
fixed,  and  at  its  apex  lies  the  small  plati- 
num funnel/,  which  supports  the  apex  of 
the  filter  when  the  interior  of  c  is  partially 
exhausted  by  the  discharge  of  tho  water 
in  a  into  b. 


is  caused  on  the  lower  level  of 


into  the  lower  jar  a  partial  vacuum 
the  filter. 

Incineration. — By  this  operation  the  fixed  salts  of  an  organic  or 
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inorganic  compound  maybe  obtained.  It  can  be  performed  in  a  small 
porcelain  or  platinum  crucible  supported  in  an  inclined  position  on  a 
pipe-clay  or  platinum-wire  triangle ;  but  a  platinum  crucible  is  not  to 
be  used  if  tlie  substance  to  be  ignited  evolves  chlorine,  bromine,  or 
iodine,  or  contains  phosphorus  or  phosphates,  or  if  alkaline  nitrates, 
easily  oxidised  metallic  oxides,  or  organic  salts  of  the  heavy  metals 
are  present :  in  such  cases  the  porcelain  crucible  is  to  be  preferred. 

It  is  necessary,  before  igniting,  to  dry  the  precipitate  thoroughly, 
and  then  to  detach  it  from  the  filter  as  completely  as  possible  over  a 
sheet  of  smooth  paper;  the  collected  precipitate,  transferred  to  the 
crucible,  is  then  to  be  cautiously  ignited  to  a  dull  red  heat  over  a 
Bunsen  lamp,  the  crucible  being  covered  for  the  first  few  minutes  of 
the  calcination  and  then  uncovered.  Now  cut  the  dry  filter  into 
small  pieces  and  ignite  them  upon  the  cover  of  the  crucible,  add  the 
ash  to  the  crucible,  and  having  again  applied  the  cover,  subject  the 
whole  to  a  higher  temperature  if  necessary. 

When  the  crucible  is  to  be  w^eighed  it  should  first  be  allowed  to 
cool  over  sulphuric  acid  in  a  bell  jar. 

It  should  be  remembered  that  a  continued  red  heat  causes  some 
of  the  elements  of  the  ash,  such  as  chlorine,  &c.,  to  be  volatilised,  and 
sulphuric  acid  to  be  decomposed  in  presence  of  the  organic  carbon, 
part  of  the  sulphur  formed  escaping  as  sulphurous  acid.  The  group- 
ing also  of  the  elements  of  the  ash  is  different  to  that  of  the  salts  in 
the  orgHnic  body.  To  obtain  more  accurate  results  the  dried  sub- 
stance should  first  merely  be  carbonised,  and  the  soluble  salts  (alka- 
line chlorides,  phosphates,  and  sulphates,  &c.)  then  removed  by  wash- 
ing; this  done,  the  residue  is  again  dried,  and  ignited  till  a  white 
ash  is  obtained. 

Preparation  of  Normal  Solutions.— The  directions  given  for  the 
preparation  of  solutions  on  the  gram  system  can  also  be  applied  to 
their  preparation  according  to  the  weight  in  grains.  If  grain  weights 
are  used  instead  of  grams,  then  move  the  decimal  point  one  place  to 
the  right :  thus  instead,  say,  of  6-53  grams,  65*3  grains  ;  and  for  each 
c.c.  use  10  grains. 

These  normal  solutions  as  a  general  rule  are  of  such  a  strength 
that  1  litre  at  15°  contains  the  hydrogen  equivalent  of  the  reagent  in 
grams.  A  normal  solution  of  hydrochloric  acid,  for  example,  must 
contain  (H=l -fCl=35-5=36'5)  36*5  grams  of  the  acid  in  a  litre  of 
water.  But  in  the  case  of  a  bivalent  substance  the  equivalent  is 
half  the  atomic  or  molecular  weight  :  thus  a  normal  solution  of  the 
dibasic  oxalic  acid  (C2H2O4-J- 21120= 12G)  contains  63  instead  of  126 
grams  dissolved  in  the  litre  of  water. 

But  solutions  are  also  prepai-ed   of   decinormal  or   centinormal 
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strength;  and  sometimes,  for  the  sake  of  convenience,  solutions  are 
prepared  more  or  less  empirically,  as  according  to  the  amount  of 
oxygen  they  liberate,  &c. 

Indicators  of  the  Termination  of  the  Reaction  in  Volumetric 
Analysis. — These  vary  considerably,  in  some  cases  the  termination 
being  shown  by  a  change  of  colour,  as  in  alkalimetry,  where  the 
standard  acid  is  added  to  the  alkaline  solution  until  the  litmus  pre- 
sent in  the  latter  alters  in  colour  from  blue  to  red ;  or  in  FehUng's 
process  for  the  determination  of  sugar,  where  the  final  reaction  is 
known  by  the  disappearance  of  the  blue  colour.  In  alkalimetry  the 
indicator  is  added  at  the  beginning  of  the  experiment ;  the  same  is 
done  in  many  other  estimations,  but  in  some  the  end  of  the  process 
can  only  be  determined  by  an  indicator  separate  from  the  solution,  as 
in  the  estimation  of  urea  by  mercuric  nitrate,  where  the  latter  is 
added  to  the  urea  solution  until  a  drop  of  the  mixture,  when  brought 
in  contact  with  a  drop  of  sodic  carbonate  solution  on  a  porcelain  plate, 
produces  a  yellow  colour. 

Specific  Gravity. — The  specific  gravity  of  such  a  fluid  as  urine  is 

generally  obtained  by  the  urinometer  (seep.  413).     But  when  it  is 

required   with  greater  accuracy  we  employ  a  small-density  flask  of 

known  weight  (pycnometer)  fitted  with  a  stopper  through  which  a 

capillary  canal  passes,  and  containing,  when  filled,  a  known  quantity 

of  water  (about  25  to  30  grams)  at  15  5°.     This  is  to  be  rinsed  out, 

and   then   filled  with  the   liquid  whose  density  is  required.     After 

weighing   the  specific  gravity  is  obtained  by  the  formula :    specific 

WxlOOO 
gravity  = ^, —  ;     W'= weight   of    water    and    W= weight    of 

liquid. 


CHAPTER   III. 

NUTRITION 

The  constituent  parts  of  the  organism  are  gaseous,  liquid,  and 
solid.  Of  the  gases  oxygen,  nitrogen,  and  carbonic  anhydride 
are  the  chief,  and  these  are  generally  in  a  state  of  solution  in 
the  liquids,  the  largest  proportion  of  which  consists  of  water 
holding  in  solution  different  acids,  salts,  and  organic  bodies. 
The  solids  have  generally  a  complex  constitution,  and  form  the 
framework  of  the  organism.     Nutrition  has  for  its  function  the 
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maintenance  of  these  component  principles,  which,  owing  to 
their  vitality  and  to  the  changes  to  which  they  are  sub- 
jected, require  constant  renewal.  The  body  may,  in  a  sense, 
be  regarded  as  a  complicated  machine  in  which  a  certain  amount 
of  work  is  done  involving  so  much  waste — in  which,  in  short, 
the  potential  energy  supplied  by  the  food  is  converted  into  the 
actual  energy  of  heat  and  mechanical  labour ;  although  we 
should  not  be  justified  in  comparing  the  body  to  a  furnace  for 
the  direct  combustion  of  the  food,  for  there  is  much  reason  to 
believe  that,  instead  of  this  direct  conversion  and  elimination  of 
energy,  the  food  may  first  be  mainly  changed  into  tissue,  and  that 
then  it  undergoes  the  changes  which  end  in  its  becoming  w^aste 
product.  In  effecting  this  conversion  the  animal  economy  acts 
as  a  more  perfect  machine  than  the  best  steam  engine,  for 
Helmholtz  has  shown  that  while  in  the  steam  engine  only  one- 
tenth  of  the  energy  of  the  fuel  is  utilised  as  mechanical  work, 
fully  one- fifth  of  the  energy  of  the  food  is  realised  by  the 
human  machine. 

In  addition  to  the  waste  dependent  on  the  work  done  there 
is  also  the  waste  due  to  the  w^ear  and  tear  of  the  organism 
itself.  The  products  of  all  this  waste  are  removed  by  the  func- 
tion of  elimination  in  the  urine,  sweat,  and  faeces,  &c. ;  and 
the  consequent  losses  thus  incurred  are  restored  by  the  instru- 
mentality of  the  function  of  digestion,  in  which  new  materials 
are  introduced  from  without  and  fitted  by  assimilation  to 
replace  the  particles  that  have  been  removed  ;  and,  to  burn  the 
fuel  thus  introduced  and  render  its  energy  convertible,  con- 
stant supplies  of  oxygen  are  obtained  by  the  lungs  in  respira- 
tion. There  is  therefore  in  the  living  body,  at  every  moment 
of  its  existence,  an  arrival  of  new  and  a  departure  of  old  mole- 
cules, and  consequently  an  uninterrupted  succession  of  chemical 
reactions.  For  all  these  processes  to  go  on  a  certain  tempera- 
ture must  be  maintained ;  this  is  derived  from  the  sum  of  the 
oxidations  occurring,  and  the  balance  is  so  well  regulated  that  a 
uniform  temperature  is  kept  constant. 

According  as  the  body  takes  up  more  or  less  than,  or  the 
same  amount  as,  it  loses,  so  will  the  body  weight  increase  or 
diminish  proportionally,  or  maintain  itself  unchanged.  In  this 
last  case,  with  a  man  of  average  weight  and  activity,  about 
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6,000  grains  of  dry  solids  and  30,000  to  40,000  grains  of  water 
are  required  to  be  tjiken  up  by  absorption  (Ranke),  and  about 
10,000  grains  of  oxygen  by  respiration  ;  of  which  about  800 
grains  of  the  solids  are  eliminated  by  the  intestines,  and  the 
remaining  5,200  by  the  other  excretions,  the  oxygen  also  being 
discharged  in  combination  with  them,  after  having  burnt  them 
up  in  the  body,  and  thus  converted  their  latent  or  potential 
into  kinetic  energy.  We  may  state  loosely  that  in  this  way  a 
daily  loss  occurs  nearly  equal  to  one-twentieth  the  body  weight. 
By  the  term  potential  energy,  it  may  be  explained,  is  meant  the 
passive  energy  of  position — that  is,  energy  capable  of  performing 
work  when  called  upon,  such,  for  example,  as  resides  in  a  bent 
cross-bow  or  in  water  confined  at  a  high  level.  By  actual  or 
kinetic  energy,  on  the  other  hand,  is  understood  energy  doing 
work,  as  w^hen  the  bent  bow  is  suddenly  unbent  and  causes  an 
arrow  to  fly  through  the  air ;  or  when  the  water  escapes,  and 
in  doing  so  causes  a  mill-wheel  to  revolve,  by  which  machinery 
is  set  in  motion. 

In  early  life  the  nutritive  poivers  of  the  tissues  are  more 
active  than  the  oxidising  processes,  and  so  growth  and  develop- 
ment occur  ;  in  adult  life  they  are  nearly  balanced,  and  more  or 
less  of  an  equilibrium  is  maintained  ;  but  in  old  age  the  processes 
of  nutrition  are  defective,  and  the  wasting  processes  are  in 
excess,  and  accordingly  a  failure  occurs  in  tissue  regeneration 
and  in  the  maintenance  of  the  animal  temperature.  The  nutri- 
tive processes  are  also  diminished  during  sleep,  the  carbonic 
acid  eliminated  during  the  night  being  one-fourth  less  than 
during  the  day  (Schakling),  the  production  of  urea  likewise 
being  lessened  ;  the  absorption  of  oxygen,  however,  still  con- 
tinues, and  the  result  is  that  an  accumulation  of  oxygen  in  the 
organism  occurs  during  sleep. 

A  constant  and  iinintermittent  supply  of  oxygen  is  an 
absolute  necessity,  and  it  may  therefore  be  regarded  as  our 
most  important  food.  Almost  every  vital  act  in  the  body  may 
be  said  to  be  accomplished  by  oxidation  and  a  corresponding 
consumption  of  oxygen.  Indeed,  between  the  food  and  the 
absorbed  oxygen  an  interplay  of  changes  is  essential  to  the 
maintenance  of  the  vital  functions,  whether  these  consist  in  the 
production  of  heat,  in  muscular  contraction,  in  mental  activity, 
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or  in  assimilation.  By  tins  oxidation  the  energy  therefore 
necessary  for  the  manifestation  and  continuance  of  these  bodily 
functions  is  obtained  by  the  burning  up  of  the  constituents  of 
the  food,  the  ultimate  products  of  the  oxidation,  which  is 
effected  by  a  series  of  successive  steps,  being  urea,  carbonic 
acid,  and  water.  For  example,  the  complete  combustion  of  10 
grains  of  dry  flesh  raises  ]  3-12  lbs.  of  water  1°  F.,  and  is  equal 
to  lifting  10,128  lbs.  one  foot  high  ;  while  that  of  10  grains  of 
sugar  raises  8-61  lbs.  of  water  1°  F.,  and  is  equal  to  lifting 
6,647  lbs.  one  foot  high  (Frankland).  Or  an  ounce  of  lean 
meat  entirely  burnt  in  the  body  produces  heat  sufficient  to 
raise  70  lbs.  of  water  1°  F.,  or  a  gallon  of  water  about  9°  F. ; 
while  an  ounce  of  fresh  butter,  if  completely  consumed  in  the 
body,  would  produce  ten  times  that  amount  of  heat  (E.  Smith). 

Heidenhaix  calculates  that  four-fifths  of  the  total  energy  of 
the  body  takes  on  the  form  of  heat.  In  the  active  muscles, 
and  in  glands  in  a  state  of  activity,  especially  the  liver,  a  con- 
siderable elevation  of  temperature  can  be  observed,  pointing  to 
these  parts  as  generators  of  heat. 

The  tissues  are  bathed  in  the  lymph,  which  is  spread  out  in 
all  their  interstices  throughout  the  organism,  and  is  so  abundant 
as  to  have  been  estimated  at  one-third  the  body  weight  by 
Krause,  or  about  one-fourth  by  Ludwig.  Without  ceasing, 
exchanges  occur  between  this  fluid  and  the  tissues  bathed  in 
it,  and  the  interchanges  consist,  so  far  as  the  tissues  are  con- 
cerned, in  certain  additions  to  and  subtractions  from  the 
lymph  ;  these  then  constitute  nutrition  properly  so  called. 
Osmotic  transferences  continually  occur  between  the  lymph  and 
the  blood,  and  the  blood  is  renewed  by  the  products  of  assimila- 
tion. Betwixt  the  fluid  directly  bathing  and  nourishing  the 
tissues  and  the  food  prepared  for  absorption  by  the  digestive  pro- 
cesses the  blood  acts  as  a  '  go-between  '  or  intermediary,  being 
replenished  thereby,  while  it  is  freed  from  the  effete  additions 
that  have  been  made  to  it  by  means  of  the  lungs  and  the  organs 
of  excretion.  Taking  muscle  as  exemplifying  some  of  these 
nutritive  changes,  we  find,  so  far  as  the  tissue  itself  is  con- 
cerned, that  its  soluble  albumin  diminishes  as  it  contracts,  sarco- 
lactic  acid,  inosit,  kreatin,  and  carbonic  anhydride  making  their 
appearance.  The  elimination  of  water,  chlorides,  and  ])hosphates 
is  also  increased  with  the  muscular  activity,  and  the  amount  of 
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oxygen  absorbed  likewise  proportionally  augmented.  As  to  the 
greatly  increased  eliinination  of  urea  that  Liebig  supposed  also  to 
take  place,  the  weight  of  evidence  is  opposed  to  the  hypothesis. 
A  slight  but  temporary  increase  probably  occurs,  but  it  bears 
no  relation  to  the  amount  of  work  done  (Parkes).  Theoreti- 
cally, too,  the  amount  of  albumin  corresponding  to  the  slightly 
increased  quantity  of  urea  excreted  is  incapable  of  furnishing 
even  a  small  proportion  of  the  energy  expended,  or,  even  when 
totally  oxidised,  of  giving  off  the  excess  of  carbonic  acid  dis- 
engaged in  the  process.  Eather  it  appears  that  a  notable  pro- 
portion of  the  heat  transformed  into  muscular  energy  during 
muscular  activity  is  due  to  the  combustion  of  non-azotised 
rather  than  of  azotised  materials. 

Nutrition  in  nerve  appears  to  follow  the  same  laws  as  in 
muscle,  and  probably  as  the  result  of  its  activity  we  have  an 
increased  absorption  of  oxygen  and  an  increased  excretion  of 
cholesterin,  urea,  carbonic  acid,  and  phosphates.  Intellectual 
work  is  always  attended  with  an  increased  flow  of  blood  to  the 
nerve  centre,  and  with  a  rise  of  temperature  of  the  nerve  sub- 
stance. Nerve  also,  which  is  neutral  in  a  state  of  repose, 
becomes  acid  when  strongly  excited,  the  acidity  of  the  urine 
increasing  with  prolonged  mental  exertion  (Funke).  According 
to  Wood  the  earthy  phosphates  excreted  are  diminished  by 
intellectual  labour,  while  the  alkaline  phosphates  undergo  little 
or  no  increase. 


CHAPTER   IV. 

FOODS. 

FOODS. — A  body  capable  of  replacing  any  of  the  body  waste, 
or  of  imparting  heat  to  the  organism  by  its  oxidation — in  short, 
any  substance  supplying  material  that  renews  waste  or  main- 
tains any  vital  process — may  be  regarded  as  a  food.  VoiT  further 
regards  in  the  light  of  a  food  any  substance  that  prevents  the 
removal  from  the  body  of  any  of  its  necessary  constituents. 
Grape  sugar,  when  burnt  up,  forms  carbonic  acid  and  water, 
CgHjgOg  +  6O2  =  6C0.^  +  6H2O,  eliminating  much  heat  in  the  pro- 
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cess,  and  accordingly  is  a  source  of  heat  and  energy  to  the 
system.  The  sugar,  which  was  formed  in  a  vegetable  organism 
at  the  expense  of  the  sun's  light  and  heat,  has  this  energy 
stored  up  in  it,  ready  to  be  converted  from  the  potential  to  the 
'kinetic  condition  under  favourable  circumstances. 

Albumins  and  fats  act  in  the  same  way,  and  are  stores  of 
so  much  force  that  may  show  itself  in  heat,  motion,  or  other- 
wise, or  in  a  combination  of  them.  All  these  sources  of  energy 
come  directly  or  indirectly  from  the  vegetable  kingdom,  and 
are  therefore  primarily  derived  from  the  sun's  energy,  plants 
having  the  power  of  fixing  the  solar  force.  In  animals,  on  the 
contrary,  potential  is  converted  into  kinetic  energy  ;  but  they 
also  possess  a  certain  amount  of  constructive  energy,  and, 
working  upon  organic  matter  already  formed,  they  can  build 
up  higher  combinations.  A  good  example  of  this  we  see  in  the 
haemoglobin  of  blood. 

Food,  as  we  have  seen,  maintains  by  its  oxidation  the 
animal  heat,  and  restores  the  w^aste  resulting  from  animal 
activity.  The  body  consists  of  proteids,  fats,  carbohydrates, 
water,  and  salts,  and  to  maintain  it  these  bodies  must  be 
supplied  in  the  food,  although  it  must  not  be  supposed  that 
there  is  a  direct  conversion  of  the  food  elements  into  the  corre- 
sponding tissue  elements.  Thus  the  nitrogenous  food  does  not 
supply  «,lone  the  nitrogenous  tissues,  for  we  shall  see  that  even 
in  tht  alinentary  canal  part  of  it  is  broken  down,  and  no  doubt 
also,  alter  its  absorption,  still  further  altered,  so  as  to  be  a 
source  of  the  fat  of  the  economy.  In  fact,  as  a  general  rule 
the  elements  of  the  various  food  stuffs  undergo  more  or  less 
of  a  reariangement  before  they  take  their  place  as  bodily  con- 
stituents. 

For  a  healthy  man  the  food  of  the  twenty- four  hours  should 
contain  some  4,000  to  5,000  grains  of  carbon,  and  250  to  300 
grains  of  nitrogen  ;  the  food  supplied  should  therefore  possess 
these  elements  in  their  proper  proportions,  otherwise  it  will  not 
be  economical  in  any  sense  of  the  word. 

In  the  forms  of  albumin,  fibrin,  casein,  and  legumin,  which 
are  all  readily  assimilable,  the  required  nitrogen  is  furnished 
to  the  system.  The  extractive  matters  also  present  so  largely 
in  flesh  meat  and  the  like,  supply  more  of  the  same,  but  whether 
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they  form  a  distinct  source  of  energy  is  still  doubtful.  The 
salts  of  muscle,  however,  aid  the  assimilation  of  proteids ;  and 
the  same  purpose  is  likewise  effected,  in  some  degree,  by  the 
ingestion  of  starchy  and  fatty  foods.  Some  of  the  carbon  is 
supplied  by  these  albuminous  bodies,  but  the  great  mass  % 
the  starches,  sugars,  and  fats.  These  carbohydrates,  when  di- 
rectly absorbed,  as  well  as  those  (such  as  inosit  and  glycogen) 
proceeding  from  the  decomposition  of  albuminoid  bodies,  seem 
to  be  the  source  of  rapid  heat  production  in  the  system. 

The  dynamic  value  of  a  food  depends  on  its  richness  in 
easily  assimilable  proteids,  and  its  calorific  value  on  the 
quantity  of  heat  it  produces  when  burnt  in  the  organism.  But 
the  digestibility  of  a  food  must  also  be  taken  into  consideration, 
as  this  is  more  a  measure  of  its  nutritive  value  than  its  ele- 
mentary composition.  Great  differences  exist  in  the  absorp- 
tion of  different  foods  :  thus  rye  bread,  potatoes,  and  green 
vegetables  produce  large  quantities  of  fresh  and  dry  excre- 
ment ;  while  white  bread,  fresh  meat,  and  eggs  are  absorbed 
to  a  greater  extent,  and  are  therefore  more  valuable.  Fat  of 
butter  also  appears  easier  of  digestion  than  bacon  fat ;  and  car- 
bohydrates are  easily  assimilated  when  contained  in  white 
bread,  rice,  and  macaroni,  but  with  more  difficulty  from  pota- 
toes, rye  bread,  and  turnips  ;  further,  nitrogen  is  most  easily 
absorbed  from  meat,  eggs,  and  animal  substances  generally, 
but  with  more  difficulty  from  rye  bread  and  vegetables 
(Rubner). 

Where  the  final  consumption  of  the  food  particles  occurs  is 
still  to  be  decided,  but  it  is  probable  that  before  the  final  de- 
composition products — water,  carbonic  acid,  and  urea,  am- 
monia, or  some  such  body — are  reached,  a  series  of  retrograde 
and  intermediate  processes  have  occurred  in  the  living  cells  of 
the  tissues  themselves,  and  in  the  fluids  immediately  bathing 
them;  and  it  is  possible  that  some  of  these  changes  normally 
take  place  in  such  great  central  vascular  organs  as  the  liver  and 
spleen. 

In  the  normal  condition  an  equilibrium  is  maintained 
between  the  ingesta  and  the  ejesta.  The  following  table,  giving 
the  results  of  a  series  of  three  days'  experiments  made  on  a 
dog,  shows  this  distinctly  (Pettenkofer  and  Voir)  : — 

0  2      • 
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A.  Food:  flesh,  1,500  grams;  oxygen  absorbed,  477-2  grams;  total,  1977*2  grams. 


The  flesh 

C. 

H. 

N. 

0. 

Mineral 
salts 

Dry  solids 
Water  '    . 

Oxygen  absorbed     . 
Total       . 

361-5 
1138-5 

187-8 
0 

25-95 
126-5 

0 

51-0 
0 

77-25 
10120 

477-2 

19-5 
0 

0 

1500 

187-8 

152-45 

51-0 

1566-45 

19-5 

B. 

Excretions  :  total,  2011-8  grams. 

c. 

H. 

N. 

0. 

Mineral 
salts 

Dry        solids 

704-7 

Urea 

21-6 

7-2  50-4 

28-8 

0 

and  gases 

Organic  salts  of  urine 

9-6 

2-5 

0 

15-9 

16-3 

Dry  ffeces 

4-9 

.    07 

07 

1-5 

3-4 

Carbonic    anhydride 

by  lungs  and  skin 

146-7 

0 

0 

391-.' 

0 

Marsh  gas  by  lungs 

and  skin 

1-2 

0-4 

0 

0 

0 

Hydrogen 

0 

1-4 

0 

0 

0 

Water        ex- 

1307-1 

Water  of  urine 

0 

102-5 

0 

820-3 

0 

creted 

Water  of  fteces 
Water  by  lungs  and 

0 

3-2 

0 

26-3 

0 

skin 

0 

39-4 

0 

315-4 

0 

2011-8 

1840 

157-3  51-1 

1599-7 

19-7 

All  the  nitrogen  leaving  the  body  is  calculated  as  urea,  which 
gives  a  slight  excess.  It  is  to  be  remarked  also  that  while  the  dog 
absorbed  only  11 38*5  grams  of  water  he  excreted  1307-1  grams,  from 
which  it  follows  that  the  168*6  grams  in  excess  have  been  formed  at 
the  expense  of  the  tissues  or  organs.  Of  the  477  2  grams  of  free 
oxygen  absorbed  391*5  are  excreted  in  combination  with  carbon  as  free 
carbonic  anhydride,  and  149-9  grams  in  combination  with  hydrogen  as 
water,  or  in  the  proportion  of  3  to  1 ,  a  proportion  which  in  man  is 
about  as  7  to  1.  Of  every  100  degrees  of  heat  produced,  therefore,  in 
the  living  organism  81*5  are  due  to  the  combustion  of  carbon,  and 
185  to  the  combustion  of  the  hydrogen  of  the  food  ingested. 

Taking  all  these  facts  into  consideration,  the  best  food  for 
repairing  the  losses  of  the  organism  would  be  one  consisting 

OI Grains 

Dryproteids 1,913 

Dry  starches 6,172 

Fats 1,142 

Total 9,*i27 
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requiring  about  11,000  grains  of  oxygen  for  their  combustion,  giving  for  these 
bodies  respectively  nearly  the  relative  proportions  of  1  :  3*20  :  0'6,  or  1  of  pro- 
teids  to  3-8  of  the  combined  starches  and  fats  ;  proportions  closely  correspond- 
ing to  those  given  by  Moleschott,  who  established  the  relation  of  the  proteids 
to  the  two  other  combined  foods  as  1  :  3-75.  Liebig  gave  it  as  1  :  3  ;  and  that 
of  the  fats  to  the  starches  as  1  :  5-4.  These  proportions  would  be  obtained  in 
a  daily  food  made  up  of  white  bread  1-8  lb.,  lean  meat  0-53  lb.,  and  fat  013  lb. 

Proportion  of  the  Chief  Tissues  forming  the  Human  Body 

(BiSCHOFF). 


Man  (aet.  33) 

New-born  male 
child 

Weight  in  adult 

as  compared  with 

that  of  the  infant 

taken  as  1 

Muscles     . 

Fat   . 

ISkeleton  . 

Abdominal  viscera 

Skin . 

Brain 

Thoracic  viscera 

Per  cent. 
41-8 

18-2  with  skin 
15-9 

7-2 

6-9 

1-9 

1-7 

Per  cent. 
22-9 
20-0 
17-7 
11-5 
11-3 
15-8 
30 

28 

26 
15 
12 
37 
17 

The  muscles  thus  form  nearly  half  of  the  body,  and  they 
contain  quarter  its  total  blood  ;  and  of  the  abdominal  viscera 
the  most  important  is  the  liver,  which  also  contains  about  a 
fourth  of  the  whole  blood. 

The  chemical  composition  of  the  different  tissues  will  be 
taken  up  subsequently.  Eeference  will  be  made  here  only  to 
the  water  and  the  salts  entering  into  their  constitution. 

Water  forms  about  70  per  cent,  of  the  adult,  and  88  per 
cent,  of  the  embryo,  and  is  the  medium  in  which  the  chemical 
changes  of  the  organism  occur.  In  the  accompanying  table 
the  average  proportion  of  water  in  several  of  the  tissues  is 
given ; — 


Per  cent. 

Per  cent. 

Lymph      . 

.     93-96 

Brain 

.     75 

Chyle        . 

.     90-95 

Cartilage 

.    67-73 

Blood        . 

.    78 

Bones 

.     13 

Kidneys    . 

.     82 

Teeth 

.     10 

Nerves 

.     78 

Enamel 

.       0-2 

Muscles    . 

.     76 

Salts. — The  mineral  salts  form  3  to  6  per  cent,  of  the  adult's 
body,  and  about  1  per  cent,  of  that  of  the  foetus.  They  are 
obtained  as  ash  when  the  tissues  are  calcined,  but  part  of  them 
result  from  the  oxidation  of  the  sulphur  and  phosphorus  of  some 
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of  the  organic  constituents.  The  heat  also  decomposes  and 
volatilises  a  few  of  the  components,  such  as  certain  chlorides 
and  carbonates.  It  must,  therefore,  be  remembered  that  the 
analysis  of  the  ash  does  not  represent  the  true  composition  of 
the  salts  as  they  existed  in  the  living  tissue.  Alkaline  chlorides 
and  phosphates,  earthy  phosphates,  with  some  carbonates  and 
sulphates  form  the  chief  of  these  salts,  of  which  sodic  chloride 
is  the  most  important,  its  presence  exciting  assimilative  changes 
and  assisting  in  the  secretion  of  many  of  the  juices,  particularly 
the  gastric ;  and  so  necessary  is  it  to  the  organism  that  when 
it  is  supplied  in  insufficient  quantity  it  is  retained  by  the 
tissues  and  not  excreted.  When  deprived  of  it  animals  lose 
weight,  spirits,  and  activity.  The  "potash  salts  are  also  indis- 
pensable, acting  as  exciters  of  the  nervous  system  and  increasing 
the  cardiac  pulsations. 

A  great  daily  loss  occurs  in  the  salts,  which  of  course  must 
be  restored  in  the  diet.  By  the  urine  of  a  healthy  man  of 
average  weight,  for  example,  there  is  a  daily  discharge  of  about 
ISO  to  250  grains  of  chloride  of  sodium  and  about  120  to  130 
grains  of  other  salts,  and  by  the  faeces  about  130  to  140  grains 
of  different  salts.  These  salts  are  principally  j^hosphates  of 
potash,  and  phosphates  and  carbonates  of  lime,  &c.  Accord- 
ingly the  food  should  contain  at  least  250  grains  of  sodic 
chloride,  and  about  half  that  amount  of  other  salts,  especially 
those  of  potash,  to  make  good  this  daily  loss. 

The  distribution  of  these  salts  in  some  of  the  organs  and 
fluids  of  the  body  can  be  seen  in  the  adjoining  table  (after 
G-autier)  : — 


Ash 

Brain 

Muscle 

Milk 

Blood 

Yolk  of  egg 

Potassium 

32-4 

344 

21-4 

11-2 

8-9 

Sodium     . 

10-7 

2-4 

— 

63 

5-12 

Magnesium 

1-23 

1-45 

0-87 

126 

2-07 

Lime         .  , 

0-72 

1-99 

18-8 

1-85 

12-1 

Sodic  chloride  . 

4-7 

10-6 

10-7 

36-3 

— 

Potassic     „ 



— 

26-3 

26-5 



Phosphoric  acid 

48-1 

48-1 

19-1 

8-8 

78-9 

Sulphuric      ,, 

0-75 

— 

2-6 

7-11 

— 

Silica 

0-42 

0-81 

— 

— 

0-5 

Saline  matters  are  evidently  associated  with  the  different 
formative  processes  occurring  in  the  body,  and  we  find  no  in- 
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discriminate  diffusion,  but  a  regular  and  special  distribution  of 
them  in  the  different  organs  and  tissues  of  the  organism.  It 
is  easy  to  see,  then,  that  mineral  salts  require  to  be  supplied  for 
the  nutrition  and  growth  of  the  different  parts  of  the  system, 
and  also  for  the  formation  of  the  secretions.  So  important 
indeed  are  the  salts  of  the  food  that  animals  dieted  with  food 
from  which  all  inorganic  salts  have  been  removed  rapidly  die 
off  (FoRSTEii),  due  partly,  in  Bunge's  opinion,  to  the  formation 
of  free  sulphuric  acid  from  the  albuminoid  sulphur,  and  the 
consequent  abstraction  of  basic  constituents  from  the  intes- 
tines. 

The  combinations  therefore  required  are  salts  of  lime, 
magnesia,  potash,  soda,  and  iron,  with  chlorine,  phosphoric  and 
sulphuric  acids,  the  lime  and  phosphoric  acid  appearing  to  be 
specially  important.  All  these  combinations  are  present  in 
the  meat,  bread,  and  fresh  vegetables  ingested.  As  examples 
we  shall  cite  here  the  composition  of  the  ash  of  wheat  and  milk 
in  the  100  parts. 


Phosphoric  acid  (PgO^) 

Potash 

Magnesia 

Lime  . 

Silica  . 

Soda   . 

Ferric  oxide 

Sulphuric  acid 

Potassic  chloride 

Sodic  „ 


Potash  salts  are  abundant  in  the  potato,  constituting  more 
than  50  per  cent,  of  the  ash,  which  is,  however,  not  very 
abundant,  varying  from  0*8  to  1*3  per  cent,  of  the  fresh  potato. 

The  alkaline  citrates,  tartrates,  and  malates  of  the  vege- 
tables eaten  are  burnt  in  the  organism  to  the  state  of  car- 
bonates. 

Mixed  Diet. — Different  experimenters  have  proved  that 
a  normal  food  must  not  consist  of  one  aliment  exclusively 
(Chossat,  Kanke),  whether  nitrogenous,  starchy,  or  fatty ; 
further,  as  no  one  food  contains  the  different  essential  prin- 
ciples in  the  necessary  proportions,  a  mixed  diet  must  be 
employed,   and  the  nature  of  this  diet  must  vary  with  the 


Ash  of  wheat 

Ash  of  cow's  milk 

.     43  5 

28-40 

.     32-4 

23-46 

.     13-9 

2-2 

.       3-5 

17-34 

.       305 

— 

.       2-3 

G-96 

.       1-0 

— 

.       0-35 

— 

— 

14-18 

— 

4-74 
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manner  of  living,  with  the  climate,  and  with  the  seasons.  The 
diet  must  also  be  in  sufficient  quantity,  and  without  any  excess 
in  the  animal  or  vegetable  components. 

The  necessary  nitrogen  and  carbon  will  accordingly  be  best, 
and  so  far  as  the  organism  is  concerned  most  economically, 
obtained  from  a  mixed  dietary.  Upon  it,  indeed,  man  appears 
to  attain  to  his  finest  development  of  physique  and  highest 
vigour  of  intellect,  this  mixed  diet  at  the  same  time  being 
most  conformable  to  the  character  of  his  teeth  and  digestive 
apparatus.  A  diet,  however,  from  which  meat  is  largely  ex- 
cluded may  often,  it  may  be  observed,  be  used  with  advantage, 
but  under  most  circumstances  the  most  suitable  admixture 
contains  one-fourth  or  rather  more  of  animal  food.  Thus  2  lbs. 
of  bread  and  |  lb.  of  beef  will  supply  the  necessary  amounts 
of  carbon  and  nitrogen,  which  would  require  over  6  lbs.  of 
meat  and  more  than  4  lbs.  of  bread  if  either  is  taken  singly, 
these  amounts,  moreover,  giving  a  large  surplus  of  carbon 
in  the  case  of  the  bread  and  of  nitrogen  in  the  case  of  the 
meat. 

Classification  of  Foods. — Dumas  and  Liebig  divided  foods 
into  assimilable  or  plastic  and  combustible  or  respiratory ; 
but,  as  all  foods  are  in  reality  plastic,  the  division  is  an  inaccu- 
rate one.  More  correctly  foods  may  be  classified,  according  to 
their  composition,  into — 


Organic 


Inorganic 


Nitrogenous       .     Albumins,  &c. 
Fats 


Non-nitrogenous ' 

J  Water 
i  Salts 


Carbohydrates,  together 
with  the  alcohols  and 
vegetable  acids 


Ranke  maintained  himself  in  good  health,  neither  losing  nor 
gaining  weight,  on  a  diet  of  this  kind  : — 


Grams 

Grains 

Proteids  . 

100 

1,540 

Fat 

100 

1,540 

Amyloids 

.         240 

3,700 

Salts 

25 

380 

Water      . 

.     2,600 

40,120 
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Diet  fur  a  Worldng  Man  of  Average  Height  and  Weight  (Moleschott). 

ararns  Ounces 


Albuminous  matter 

.      130 

4-58 

Fatty                 „      . 

84 

2-96 

Carbohydrates 

.      404 

14-25 

Salts        .... 

30 

1-06 

Total    . 

.      648 

22-85 

The  above  -23  ounces  of  dry  solids  would  correspond  to 
rather  more  than  double  that  amount  of  ordinary  solid  food, 
with  which  requires  to  be  associated  about  60  to  80  ounces 
of  water. 

On  a  previous  page  it  is  stated  that  2  lbs.  of  bread  and 
I  lb.  of  lean  meat  will  supply  the  necessary  carbon  and 
nitrogen  required.  In  the  annexed  table,  which  gives  a  suita- 
ble diet  for  active  labourers,  we  shall  compare  the  two  diet- 
aries. 


Diet  of  Active  Labourers 
(Playfaik) 

Bread, 
2  lbs. 

Lean  meat 

(uncooked), 

^Ib. 

Bread  and 
meat 

Nitrogenous  matter 
Fat         ...         . 
Carbohydrates 
Minerals 

Oz. 

50-5-6 

2-4-2-9 

17-9-22-2 

0-7-0-9 

Oz. 
2-59 
0-51 
16-32 
0-74 

Oz. 
232 
0-43 

0-61 

4-9 

0-9 

16-3 

1-3 

In  these  dietaries  the  nitrogenous   matter   present  forms 
one-fifth  to  a  little  more  than  a  sixth  of  the  total  solids. 


CHAPTER   Y. 

THE  NITROGENOUS  FOODS. 


NITROGENOUS  FOODS.— The  chief  of  these  are  the  albu- 
mins, albumin  by  itself  forming  by  far  the  most  important  single 
element,  since  it  contains  nutritive  material  in  a  condensed  and 
easily  assimilated  form,  its  composition  being  more  or  less  identical 
with  the  albumins  of  blood  and  the  animal  tissues.  Examples 
of  rich  albuminous  foods  are  white  of  Qgg^  casein,  legumin, 
gluten,  and    syntonin.     Next  come   the    collagens,  or  bodies 
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that  yield  gelatin,  or  an  analogous  substance,  on  boiling,  as 
ossein  and  chondrin  ;  then  there  are  such  bodies  as  kreatin, 
kreatinin,  xanthin,  and  the  like,  which  may  be  regarded  as 
disintegration  products  of  the  proteids,  and  which  are  present 
in  meats.  In  the  table  a  series  of  different  articles  of  food  rich 
in  these  albuminous  principles  are.  compared. 

A.  Animal  Albumins. 


Rich  Alhuminous  Foods  {after 

Ranke,  Payen,  Lethecy,  3, 

e-) 

1. 

21 
1^ 

J- la) 

it 

§ 

a 

s 

a 

1 

t 

1 

s 

CI 

o 

3 
a 

8 

1 

Nitrogenous  matter 

19-3 

14-8 

27-6 

18-3 

12-4 

16-5 

9-8 

88 

18-1 

16-1 

14-01 

14-U 

Pat   . 

3-6 

29-8 

15-45 

4-9 

31-1 

T5-8 

48-9 

73-3 

2-9 

5-6 

1-51 

10-5 

Salines,  &c.     . 

5-1 

4-4 

2-95 

4-8 

3-5 

4-7 

2-3 

2-9 

1-0 

1-4 

4-09 

1-5 

Water       . 

72-00 

51-0 

54-00 

72-0 

53-0 

63-0 

39-0 

15-0 

780 

77-0 

80-39 

74-0 

Comjmdtion 

of  Beef,  Veal,  and  Pork  (Moleschott) 

Soluble 

Ubumin  and 

haematin 

Myosin, 
&c. 

G^elatins 

Fats 

Extrac- 
tives 

Kreatin 

Ash 

Water 

Beef        .       . 
Veal        .       . 
Pork        .       . 

£•25 
2-27 
1-63 

15-21 
14-36 
L5-50 

3-21 
5-01 
4-08 

2-87 
2-56 
5-73 

1-39 

1-27 
1-29 

0-07 

1-6 

0'77 

l-il 

73-39 
73-75 
70-66 

If  the  yolh  is  compared  with  the  white  of  an  egg  it  will  be 
found  that  of  the  nitrogenous  constituents  there  are  20*4  per 
cent,  in  the  white  and  16  in  the  yolk,  30  per  cent,  of  fat  in 
the  yolk,  1*6  per  cent,  salines  in  the  white  and  1*3  per  cent, 
in  the  yolk,  and  78  per  cent,  of  water  in  the  white  and  52 
per  cent,  in  the  yolk. 

Good  neiv  miilk  contains  about  546  grains  carbon  and  43 
grains  nitrogen  in  the  imperial  pint. 


Water 

Nitrogenous 
constituents 

Sugar 

Fat             Salts 

^Hl^m-.    :    : 

86 
88 

5-5 

40 

3-8 
3-8 

3-6 

1-8 

0-66 
0-8 

The  essential  constituent  of  cheese  is  the  casein  or  curd  of 
milk.  Cheeses  vary  very  much  in  their  composition,  but  an 
average  good  skim-milk  cheese  contains :  water  44  per  cent., 
nitrogenous  constituents  44*8,  fat  6*3,  and  salts  4*9  ;  and  a  good 


THE  NITROGENOUS  FOODS. 


new-milk  cheese  :  water  36  per  cent.,  nitrogenous  constituents 
28-4,  fat  31*1,  and  salts  4*5.  Cheeses  like  the  former  require 
a  longer  time  for  digestion  than  the  latter,  which  take  about 
3  to  3|  hours  if  of  medium  age.  Cheese  contains  calcic  phos- 
phate and  oxide  of  iron,  and  there  is  present  in  dried  cheese 
deprived  of  fat  and  prepared  from  fresh  milk  3*5  to  4  per  cent, 
phosphoric  anhydride  and  4*3  to  4*V  per  cent.  lime. 
Analyses  of  Cheeses. 


Cheese 


Cheshire 

Gruyere 

Roquefort 

Cheddar 

Gruyere 

Camembert 


Nitrogenous 
constituents 


36-14 
35- 10 
32-95 
28-4 
31-5 
18  9 


Fats 

Salts 

25-48 

4-78 

28-00 

4-79 

32-31 

445 

31-1 

4-5 

24-0 

3-0 

21-0 

4-7 

Water 


30-391 

32-05  \  (Malagutti) 

26-53  J 

J^;nCPAYEN, 

*^"    r  Paekes) 


51-9 


B.  The  Vegetable  Albumins  are  not  so  rich  in  carbon  as 
the  animal  albumins,  but  are  richer  in  nitrogen ;  this  pro- 
bably accounts  for  their  less  nutritive  value  and  the  greater 
difficulty  in  their  assimilation ;  they  are,  however,  like  eggs 
and  fish,  very  rich  in  phosphorus.  It  may  be  stated  generally 
that  vegetables  are  more  difficult  and  slower  of  digestion  than 
most  animal  foods,  but  that  when  combined  with  the  latter  in 
suitable  amount  the  digestion  is  rendered  easier  and  the 
assimilation  more  perfect.  Garlic,  onions,  radish,  turnips,  &c., 
excite  the  digestion,  and  at  the  same  time  stimulate  the  urinary 
and  generative  organs. 

Analyses  of  Vegetable  Grains.,  Seeds,  ^'c. 
(Payen,  Letheby,  Boussingault,  ^-c.) 


Starch, 
sugar,  and 

Proteids 

Fats 

Cellulose, 
&c. 

Minerals 

Water 

dextrin 

Wheat    . 

68-9 

14-6 

1-2 

1-7 

1-6 

140 

Rye 

67-5 

9-0 

2-0 

3-0 

1-9 

16-6 

Oats 

61-5 

11-9 

5-5 

4-1 

30 

14-0 

Rice 

78-30 

6-43 

0-43 

0-5 

0-68 

14-4 

Barley    . 

63-6 

13-4 

2-8 

2-6 

4-5 

13-0 

Peas 

58-5 

25-4 

2-0 

1-9 

2-5 

9-7 

Beans     . 

48-3 

30-8 

1-9 

3-0 

3-5 

12-5 

Indian  corn 

65-1 

11-1 

8-1 



1-7 

140 

Potatoes 

21-09 

1-6 

0-11 

1-64 

1  -56 

74-0 

Carrots  . 

14-5 

1-3 

0-20 

1-0 

83-0 
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The  amount  of  proteids  in  potatoes  is  given  by  E.  Schultze  as 
varying  between  O'Go  and  1-19  per  cent.,  but  as  2-34  per  cent,  by 
HoLDEFLEiss,     The  ash  of  potatoes  is  very  rich  in  potash  salts. 


Analysis  of 

Bread  and  Biscuit. 

Flour  bread 

Biscuit 

Carbohydrates  . 

.      51-0 

73-4 

Nitrogenous  constituents 

.        8-1 

15-6 

Fats 

.        1-0 

1-3 

Minerals    .... 

.       2-,S 

1-7 

Water        .... 

.     87-0 

8-0 

Arudifses  of  Fruits  (Fresenius). 


Apoles 

Pears 

Green- 

Cherries 

Grapfw 

Gooseberries 

Straw- 

(wliite) 

(sweet  red) 

gages 

(sweet  red) 

(white) 

(larare  rod) 

berries 

Sugar  . 

7-58 

7-94 

3-4 

1311 

13-78 

8-06 

7-57 

Free     acid     (ex- 

pressed as  oxalic) 

104 

trace 

0-87 

0-35 

1-02 

1-35 

1-13 

Albuminous    sub- 

stances 

0-22 

0-24 

0-40 

0-90 

0-83 

0-44 

0-36 

Pectous  substances 

and  pectose 

3-88 

5-10 

12-52 

3-73 

1-43 

1-26 

112 

Ash      . 

0-44 

0-28 

0-39 

0-60 

0-36 

0-31 

0-48 

Insoluble  matter . 

1-8 

3-51 

3-89 

5-9 

2-59 

2-99 

1-96 

Water  . 

8504 

83-01 

79-72 

75-37 

79-99 

85-56 

87-47 

In  mixed  vegetables  it  may  be  stated  generally  that  1  lb.  con- 
tains about  420  grains  carbon  and  14  grains  nitrogen.  When  potatoes 
are  compared  with  bread  as  to  nutritive  power,  it  will  be  seen  that 
1  lb.  of  bread  is  equal  to  2^  lbs.  of  potato  in  carbon  and  to  3^ 
lbs.  in  nitrogen.  Some  recent  analyses  of  cabbages  show  that  they 
are  richer  in  nitrogenous  substances  than  has  hitherto  been  sup- 
posed, the  total  albuminoids  (N  x  6*25)  in  the  dry  matter  of  the 
leaves  averaging  12  to  28  per  cent.,  and  in  the  stems  11  to  15  per 
cent.  (Leizour  and  Nivet).  Edible  mushrooms,  although  diflScult 
of  digestion,  are  rich  in  proteids,  containing  as  much  as  52  per 
cent,  of  nitrogenous  matter  in  the  dry  state.  An  analysis  of  Payen's 
gives  the  following  : — 

Nitrogenous  matter  and  traces  of  sulphur       .....       4*68 

Fatty  matter 0-39 

Cellulose,  dextrin,  and  sugar     ........       3-46 

Salts  (phosphates  and  chlorides  of  the  alkalies,  lime,  and  magnesia)    0-46 
Water 9101 

Tea  cannot  be  regarded  as  a  nutriment  in  the  sense  of  supplying 
material  to  maintain  structure  and  generate  heat ;  it  rather  tends 
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to  excite  vital  activity,  particularly  acting  as  a  respiratory  stimulant. 
But  while  tea  alone  affords  little  nutritive  material  the  addition  of 
sugar  and  milk  converts  it  into  a  useful  food. 

Analysis  of  Tea  (Peligot). 


Per  cent. 

Per  cent 

Theine      . 

.       2-0-30 

Fat  . 

.        40 

Casein 

.     15-0 

Vegetable  fibre 

.     200 

Gum 

.     18-0 

Minerals  . 

.       50 

Tannin      . 

.     26-25 

Water       . 

.       50 

Starch       . 

.       0-75 

Coffee  also  excites  the  nervous  system,  but  not  to  the  same  degree 
as  tea,  whilst  it  somewhat  depresses  the  respiratory  function.  It 
exerts  a  marked  sustaining  influence  under  fatigueand  privation,  and 
it  appears  to  diminish  the  waste  of  the  tissues  (Lehmann),  or  to 
render  the  elements  of  the  body  more  stable  (Gasparin),  thus 
economising  other  nourishment;  but  both  theories  are  doubtful 
(Roux). 

Among  vegetables  we  may  distinguish — 

1.  Those  rich  in  album^in  and  nitrogen — cabbage,  aspara- 
gus, cress,  mushrooms,  and  truffles.  These  are  all  very  nutri- 
tious, the  two  latter  yielding  from  3*1  to  7  per  cent,  nitrogen 
(Schlossberger).  The  young  cabbage  contains  from  1*5  to 
2  per  cent,  of  nitrogenous  ingredients  (Anderson). 

2.  Those  rich  in  mucilage  and  salts — white  beet,  lettuce, 
and  endive.  They  contain  much  water,  mucilage,  inulin,  and 
malates,  oxalates,  &c.,  especially  of  potash  and  lime.  Potash 
salts  predominate  in  sour  kraut,  Brussels  sprouts,  and  asparagus, 
and  soda  in  spinach,  &c. 

3.  Those  rich  in  acids — sorrel,  tomato,  rhubarb,  asparagus. 
They  are  useful  as  excitants  of  digestion. 

4.  Those  containing  little  or  no  starch — lettuce,  endive, 
spinach,  asparagus,  artichoke,  leeks,  white  onions,  and  pars- 
nips. 

5.  Those  rich  in  sugar — beet  roots,  Jerusalem  artichokes, 
carrots.     Ripe  fruits  also  contain  much  sugar. 

Among  fruits  we  may  also  distinguish  (GtAUTIer) — 
1.  Those  containing  much  sugar — pears,  apples,  peaches, 
apricots,  prunes,  melons,  oranges,  strawberries,  figs,  grapes,  &c. 
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When  ripe  they  are  easy  of  digestion,  and  generally  contain 
such  vegetable  acids  as  malic,  citric,  tartaric,  &c. 

2.  Acid  fruits — lemon,  gooseberry,  tamarind,  &c. — contain 
less  sugar  but  a  greater  amount  of  acid  than  the  preceding. 

3.  Starchy  fruits — chestnuts,  breadfruit. 

4.  Oily  fruits — nuts  of  different  kinds,  sweet  almonds,  &c. 
In  conclusion,  with  regard  to  albuminous  foods  it  may  be 

stated,  in  general  terms,  that  luherever  vital  operations  are 
going  on  there  nitrogenous  Tuatter  is  to  he  found,  the  operations 
of  life  occurring  through  its  instrumentality.  The  nitrogenous 
tissues,  which  are  the  machines  for  living  actions,  have  first  to 
be  constructed  and  then  maintained.  Accordingly  nitrogenous 
food  is  required  for  the  construction  as  ivell  as  the  maintenance 
of  the  tissues.  Hard  work  is  best  performed  with  an  abundant 
supply  of  proteids,  as  this  leads  to  a  better  nourished  condition 
of  the  animal  machine  and  its  component  parts,  such  as  muscle 
and  the  like ;  and  to  keep  up  this  good  condition  for  work  a 
liberal  supply  of  nitrogenous  food  is  absolutely  essential.  In 
addition  to  supplying  the  nitrogenous  waste,  and  forming  one 
of  the  great  sources  of  fat  in  the  economy,  the  proteids  excite 
the  metabolic  activity  of  the  body,  and  hence  they  are  not 
stored  up  so  readily  as  the  fats  and  carbohydrates. 


CHAPTER   VI. 

FATS,    CARBOHYDRATES,   AXD   MINERALS. 

FATS  AND  CAEBOHYDRATES.— Starch,  sugar,  and  dextrin 
are  easily  assimilated,  but  the  gums  and  cellidoses  are  not  so. 
In  the  previous  chapter  reference  has  been  made  to  the  amount 
of  these  carbohydrates  and  fats  present  in  different  foods.  These 
bodies  may,  to  a  certain  extent,  replace  the  nitrogenous  foods. 
The  proteids,  we  have  seen,  can  undergo  metamorphoses  fitting 
them  to  evolve  energy,  but  the  combustible  materi(d  which 
evolves  energy  most  largely  and  efficiently  is  supplied  in  the 
fats  and  carbohydrates;  indeed,  as  force- producers  they  possess 
a  very  high  dietetic  value;  andasgr<^at  storehouses  of  potential 
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energy  they  may  be  regarded  as  the  ultimate,  though  not 
necessarily  the  direct  sources  of  heat  as  well  as  of  muscuhir 
energy.  The  potential  energy  of  the  fats,  however,  is  much 
greater  than  that  of  the  carbohydrates,  developing  more  than 
twice  as  much  heat. 

With  a  fixed  quantity  of  the  fats  or  carbohydrates  an  in- 
crease in  the  accompanying  proteid  leads  to  an  increase  in  the 
carbon  consumption,  owing  to  the  proteids  favouring  an  increase 
in  the  metabolism  of  both  kinds  of  food. 

As  to  the  role  played  by  alcohol  in  the  economy  there  is 
still  some  difference  of  opinion,  but  the  weight  of  evidence  is 
in  favour  of  the  theory  that  it  acts  more  or  less  as  an  aliment. 
When  ingested  in  excess  much  of  it  traverses  the  system  un- 
burnt,  and  is  then  found  in  the  urine,  sweat,  and  expired  air 
(Lallemand,  Perrin,  &c.)  ;  but  when  taken  in  a  moderate 
dose  the  amount  eliminated  by  the  urine  forms  but  a  small 
proportion  of  that  absorbed  (Dupre)  ;  some  even  maintain  that 
the  quantity  thus  excreted  does  not  amount  to  more  than  0*7 
per  cent.  (Thresh).  The  chief  portion  of  the  alcohol  in  the 
latter  case,  therefore,  undergoes  consumption  in  the  body 
(Anstie,  Thudichum,  Schulinus,  Baudot,  &c.)  We  shall  see 
elsewhere  that  a  little  alcohol  is  even  generated  in  the  tissues 
of  the  organism  itself  (Bechamp). 

Alcohol  does  not  appear  to  increase  the  production  of  heat 
as  a  chemical  agent  (E.  Smith),  rather  in  large  amount  lower- 
ing the  temperature  by  checking  some  of  the  oxidations  occur- 
ring in  the  body,  particularly  when  abnormal,  as  in  fevers.  It 
also,  w^hen  given  in  a  state  of  health,  tends  to  diminish  muscular 
power,  but  indirectly  the  effect  may  be  to  increase  it  by  im- 
proving the  tone  of  the  system  through  the  appetite  and  diges- 
tion of  food. 

While  the  carbonic  acid  exhaled  is  slightly  diminished  when 
wines  and  beer  are  taken  in  moderate  quantity,  the  secretion 
of  the  gastric  and  pancreatic  juices  is  favoured,  and  there 
is  a  gentle  excitation  of  the  nerve  centres,  and  at  the  same 
time  an  undoubted  addition  made  in  the  form  of  salts,  fats, 
glycerin,  and  albuminoids — beer  not  only  being  stimulating 
and  tonic,  but  also  nutritious.  Indeed,  of  the  alcoholic  drinks 
beers  occupy  the  first   place  as  foods ;  then  come  cider  and 
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perry,  and  then  wines  ;  and  as  they  sustain  and  increase  vital 
action  they  must  be  regarded  as  true  foods  (E.  Smith).  Ac- 
cording to  VoiT  also  alcohol  must  be  regarded  as  a  food,  as 
under  its  influence  fewer  substances  are  decomposed  in  the 
body. 

MINERALS. — The  several  salines,  including  the  extractives 
of  animal  and  vegetable  food,  are,  in  a  sense,  quite  as  essential 
elements  of  a  dietary  as  its  proteids,  fats,  or  carbohydrates. 
They  appear  to  regulate  in  some  way  the  energy  of  the  food 
stuffs  (Foster),  a  diet  from  which  phosphorus  or  phosphates, 
chlorides,  and  potash  or  soda  salts  are  absent,  being  useless  for 
nutritive  purposes.  The  important  salts  in  the  organism  have 
already  been  referred  to  (p.  22),  and  it  has  been  pointed  out 
that  of  the  inorganic  foods  the  most  important  is  tuater., 
which  forms  about  75  to  85  per  cent,  of  the  body  weight.  It  is 
required  to  maintain  the  due  bulk  of  the  blood  and  other 
animal  tissues  of  which  it  is  so  large  a  constituent,  and  in 
addition  it  is  useful  in  mastication  and  digestion,  facilitating 
these  processes,  and  in  keeping  up  the  constant  outpourings 
and  reabsorptions  of  great  volumes  of  liquid  in  the  alimentary 
canal,  and  in  the  tissues  generally,  by  which  the  body  fluids, 
and  particularly  the  blood,  are  maintained  in  a  normal  condition. 
It  also  keeps  different  substances  in  solution  or  suspension  in 
the  body,  and  serves  as  a  vehicle  to  carry  away  waste  products, 
and  at  the  same  time  regulates  the  temperature  of  the  body 
by  its  evaporation  at  the  surface. 

There  is  about  15  to  25  ounces  of  water  contained  in  the 
solid  food  taken  in  the  24  hours  ;  but  besides  this  60  to  70  ounces 
more  are  required. 

The  remaining  salts  of  importance  are  sodium  chloride, 
carbonate  of  lime,  and  the  phosphates  of  potash,  soda,  and 
lime,  and  in  smaller  amount  salts  of  magnesia,  iron,  and  silica. 
If  an  animal  is  deprived  of  these  salts  they  will  diminish  in 
the  urine.  They  are  required  to  maintain  the  constitution  of 
the  tissues,  and  they  are  essential  in  keeping  up  the  diffusion 
streams  in  the  organism.  Some  of  the  salts  fulfil  a  special 
function :  thus  the  hydrochloric  acid  of  the  gastric  juice  is 
formed  at  the  expense  of  the  chlorides,  while  the  alkaline  car- 
bonates and  the  alkaline  salts  of  the  vegetable  acids  serve  to 
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neutralise  the  sulphuric  and  phosphoric  acids  formed  in  the 
system  by  the  oxidation  of  the  sulphur  and  phosphorus  of  the 
proteids,  soda  probably  playing  a  similar  role.  Under  normal 
conditions  it  is  probable  that  the  food  contains  an  excess  of 
salts ;  these  are  generally  excreted  in  the  urine,  although  it  is 
possible  that  occasionally  some  of  the  excess  may  be  stored  up 
in  the  organism,  so  that  at  times  more  salts  may  be  excreted  by 
the  urine  than  is  taken  in  the  food  without  any  consequent  evil 
results.  It  should  be  remembered  that  the  change  of  food  in 
children  frcm  one  purely  of  milk  to  a  mixed  diet  may  result  in 
a  considerable  deficiency  of  lime  salts — a  purely  flesh  diet,  for 
example,  being  very  poor  in  lime. 


CHAPTEE   Vir. 

STARVATION. 

Let  us  now  briefly  consider  some  of  the  changes  that  occur  in 
the  body  when  it  is  deprived  of  a  sufficiency  of  food.  By  star- 
vation the  greatest  loss  occurs  in  the  adipose  tissue  and  glandu- 
lar organs,  as  seen  in  the  following  table  of  Voit's,  recording 
the  results  of  starving  a  cat  for  13  days  : — 


Adipose  tissue  . 

Spleen 

Liver 

Skeletal  muscles 

Blood 


lost  97-0  per  cent,  of  its  original  weight. 


63'1 
56-6 
30-2 
17-6 


Brain  and  spinal  cord     „      O'O  „  „  „ 

Accordingly  we  find  that  the  destruction  of  albuminoids, 
when  the  organism  is  deprived  of  food,  is  determined  not  only 
by  the  size  of  the  organ,  but  by  the  amount  of  fat  present — the 
more  the  fat,  so  much  the  less  destruction  of  albumin.  This 
VoiT  found  to  be  the  case  with  cats  and  dogs  ;  and  it  holds  good 
also  with  herbivorous  animals,  such  as  rabbits,  the  decrease  of  fat 
being  correlated  to  an  increased  consumption  of  albumin— this 
being  longer  delayed  in  an  animal  rich  in  fat,  but  manifesting 
itself  in  a  few  days  in  lean  animals,  albumin  alone  being  ulti- 
mately consumed  (Kubner).    The  influence  of  the  fat  Kuckein 
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assumes  to  be  exerted  in  restraining  the  solution  and  circulation 
of  albaminoids,  and  the  consequently  smaller  chance  for  their 
disintegration,  this  influence  being  chiefly  exerted  by  the  fat 
present  in  the  juices  and  in  the  organs  where  the  albumin  dis- 
integration occurs,  and  not  by  the  fat  stored  up  under  the  skin 
and  serous  membranes,  &c. 

According  to  H.  Eanke,  in  children  dying  from  wasting 
diarrhoea,  atrophy  of  the  various  organs  occurs,  just  as  in 
animals  dying  from  starvation.  In  Ohlmuller's  experiments 
the  bones  and  brain  lost  much  less  weight  than  the  other 
organs,  but  the  skin  decreased  considerably,  owing  to  the  com- 
plete disappearance  of  the  adipose  tissue.  In  the  normal  infant 
there  are  40  per  cent,  of  solids,  but  in  the  atrophic  only  24 
per  cent.,  the  relative  increase  of  water  being  due  to  the  less 
amount  of  fat  constituents,  which  are  only  3  per  cent,  in  com- 
parison with  21  per  cent,  in  the  normal  infant.  The  active 
organs  upon  which  the  maintenance  of  life  depends  are  pro- 
tected from  decrease  possibly  at  the  expense  of  the  organic 
albuminoids,  which,  becoming  fluid,  enter  the  circulation  and 
are  consumed ;  only  when  this  supply  fails  do  these  organs 
begin  to  suffer  loss  of  substance. 


CHAPTEK   VIII. 

CHEMISTRY  OF  THE  ALCOHOLS  AND  FATTY  ACIDS,   .)V. 

Keference  will  be  made  to  but  a  few  of  these  bodies,  and  only 
so  far  as  it  concerns  our  present  subject.  For  additional  details 
the  student  is  referred  to  one  of  the  larger  text  books  on 
organic  chemistry. 

A.  The  term  alcohol  is  applied  to  compounds  of  hydroxy  1 
(OH)  with  univalent  or  multivalent  hydrocarbon  radicles,  or 

more  simply  alcohol  may  be  looked  on  as  water,  ^j  [  0,  in  which 

half  the  hydrogen  is  replaced  by  an  organic  radicle  ;  and  accord- 
ingly alcohols  may  be  regarded  as  the  hydvoxyl  substitution 
derivatives  of  the  hydrocarbons,  being  therefore  the  organic 
analogues  of  the  metallic  hydrates. 
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From  propane,  CgHg,  are  thus  derived  the  three  alcohols  : 
propyl  alcohol,  C3H*y(0H) ;  propenic  alcohol,  or  propyl  glycol, 
C3Hg(OH)2 ;  and  propenyl  alcohol,  or  glycerin.  Of  the  chief 
alcohols  there  are  three  classes  :  monatoinic,  as  methyl  alcohol, 
CH3OH,  and  ethyl  alcohol,  C<,Hr,OH ;  diatomic,  as  the  glycols, 
ethyl  glycol,  C,H,(OHX,  propyl  glycol,  C^H/OH),,  and  butyl 
glycol,  GfiJ^OM\',  and  triafDinic,  as  glycerin,  C3Hg(OH)3. 

r\     XT     •> 

Cholestei'in  is  a  true  alcohol,    ^^tt''^  0?  ^^d  is  probably  the 

only  one  found  as  such  in  the  body. 

ETHYL  ALCOHOL  (03^0).— This  is  the  well-known  alcohol 
of  commerce,  and  is  chiefly  obtained  by  the  fermentation  of 
cane  and  grape  sugar,  in  which  process  carbonic  anhydride  is 
evolved  and  alcohol  formed,  a  number  of  other  bodies  making 
their  appearance  in  addition,  as  glycerin,  succinic  acid,  cellu- 
lose, fats,  and  occasionally  lactic  acid. 

The  strongest  rec^i/iecZ  spirit  of  commerce  contains  13  to  14 
per  cent,  water,  and  has  a  specific  gravity  about  0*835.  Ahso- 
htte  alcohol,  as  its  name  implies,  is  free  from  water;  it  is 
colourless,  and  has  a  specific  gravity  of  0*7938,  boiling  at  78'4°. 
Proof  spirit  has  a  specific  gravity  of  0*919,  and  contains  49  J 
per  cent,  alcohol.  Methylated  spirit  is  a  mixture  of  90  per 
cent,  spirits  of  wine  of  a  density  of  0*83,  and  of  10  per  cent. 
l)artially  purified  wood  spirit  (methyl  alcohol). 

When  alcohol  is  heated  in  a  test  tube,  either  alone  or  with  caustic 
potash,  it  volatilises  without  being  blackened,  its  vapour  having  a 
characteristic  odour  and  being  combustible.  It  is  not  blackened  when 
heated  with  sulphuric  acid.  When  a  little  strong  sulphuric  acid  is 
added  to  it,  and  then  some  dilute  solution  of  potassic  bichromate  {^  per 
cent.)  poured  into  it,  a  green  colour  is  produced  at  the  point  of  contact. 

To  Separate  Alcohol  from  Organic  Tissues  or  Fluids. — Eoil 
for  some  time  with  water,  or  boil  their  watery  extracts,  and  then 
distil.  In  the  case  of  urine  add  tannic  acid  before  distilling. 
The  distillate  must  be  rendered  alkaline  with  caustic  potash 
and  again  distilled.  This  last  distillate  is  acidified  with  sul- 
phuric acid  and  distilled  for  a  third  time,  when  all  the  alcohol 
will  be  present  in  the  receiver.  It  may  be  rendered  anhydrous 
by  dislilling  it  once  again  after  saturation  with  quick  lime  or 
potassium  carbonate, 

D  2 
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With  vomited  matter,  or  where  much  alcohol  is  present,  it 
is  advisable  to  make  a  series  of  distillations  after  saccessive 
additions  of  sodium  chloride  to  the  fluid  in  the  receiver. 

To  determine  quantitativelij  the  alcohol  is  first  transformed  into 
acetic  acid,  and  this  determined  volumetrically.  To  effect  this  conver- 
sion sulphuric  acid  and  some  potassic  bichromate  solution  (one-third 
per  cent.)  are  added  to  the  fluid,  and  the  whole  heated  for  two  hours  in 
a  water  or  sand  bath  at  SO''  to  90^.  The  resulting  acetic  acid  is  dis- 
tilled out  and  the  distillate  titrated  with  standard  soda  solution. 

GLYCERIN  (Propenyl  Alcohol),  C3H3O3  or  ^A|o^._This 

is  a  triatomic  alcohol  which  forms  a  nearly  colourless,  viscid,  and 
very  sweet  syrupy  liquid  that  is  very  hygroscopic  and  very 
soluble  in  water  and  alcohol,  but  insoluble  in  ether.  At  15°  it 
has  a  specific  gravity  of  1*26,  begins  to  evaporate  at  100°,  and 
boils  at  290^ ;  it  forms  a  gummy  mass  at  —40°,  and  crystals 
have  been  obtained  of  it  belonging  to  the  rhombic  system. 
Grlycerin  dissolves  up,  especially  with  the  aid  of  heat,  the 
oxides  of  copper  and  lead  and  of  the  alkali  metals,  &c. ;  the 
fatty  acids,  iodine,  and  many  organic  bodies,  such  as  cholesterin 
and  uric  acid,  are  also  dissolved  by  it,  and  it  acts  as  a  particu- 
larly good  solvent  for  the  ferments.  Grlycerin  oxidises  easily  in 
the  air,  and  rapidly  reduces  silver  nitrate. 

Preparation. — It  is  obtained  in  the  saponification  of  fats  by 
caustic  alkalies,  or  by  the  decomposition  of  these  bodies  by 
superheated  steam.  When  stearin  is  boiled  with  caustic  potash 
a  stearate  is  formed,  and  glycerin  is  set  free : 

(tristearin)  (potassic  stearate) 

The  formation  of  glycerin  may  be  shown  on  a  small  scale 
by  mixing  a  little  fat  with  some  finely  powdered  plumbic  oxide 
and  water,  and  then  heating;  a  lead  plaster  is  formed  and 
glycerin  remains  in  solution  in  the  water.  Filter  and  pass  a 
current  of  sulphuretted  hydrogen  through  the  liquid,  evaporate 
to  a  small  bulk,  and  filter  again. 

Combinations,  &C. — Combined  with  the  different  fatty  acids  it 
constitutes  a  large  part  of  animal  and  vegetable  fats.     In  the  free 
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state  it  may  be  met  with  in  small  quantities  only  in  the  intestines,  as 
the  result  of  the  action  of  pancreatic  juice  on  the  fats.  When  heated 
with  acetic  and  benzoic  acids,  kc,  it  forms  compound  ethers;  these 
glyceric  ethers  or  giycerides  are  mostly  oily,  but  those  formed  by  the 
higher  fatty  acids,  as  palmitic  and  stearic,  are  solid  fats.  Most  fats 
and  oils  are  mixtures  of  ethereal  salts  formed  from  glycerin  and  acids 
of  the  acetic  and  oleic  series.  With  chlorine,  bromine,  and  iodine  it 
forms  substitution  compounds ;  and  at  high  temperatures  and  pres- 
sures it  enters   into   combination   with   certain  inorganic  acids,  as 

(OH 
glycerin-sulphuric     acid,     CaHr/OH     ,     glycerin-phosphoric    acid, 

is04H 

[OH 
CgHg-^jOH       ,  and  trinitrin  or  nitroglycerin,  C3H5(N03)3. 

IPO4H2 
Detection. — Evaporate  the  liquid  to  be  tested  after  the  addition 
of  caustic  lime  and  sand.  The  powdered  residue  is  exhausted  with  a 
mixture  of  equal  parts  of  alcohol  and  ether,  the  solvent  removed  by 
evaporation,  and  the  residue  heated  very  carefully  to  120°  with  two 
drops  of  phenol  and  the  same  quantity  of  strong  sulphuric  acid.  The 
melt  is  treated  with  a  little  water,  and  the  insoluble  residue  rendered 
slightly  ammoniacal,  when  the  beautiful  red  coloration  of  glycerein 
will  appear. 

B.  Closely  allied  to  the  alcohols  are  the  acids,  which  are 
readily  obtained  from  them  by  oxidation.  The  monatomic 
alcohols  (C^jHg^+gO,  or  C,,H2„+jOH)  give  origin  to  the  mono- 
basic acetic  acid  series  (C^HgjjOg),  as  formic  acid,  CKfi^  or 
HCHOo.  In  this  conversion  by  oxidation  it  may  be  assumed 
that  the  CHgOH  group  has  been  changed  into  the  carboxyl 
or  COOH  group.  The  diatomic  alcohols  or  glycols  [C,Ji2n+2^2 
or  C„H2,i(OH)2]  by  their  oxidation  give  rise  to  two  series  of 
acids,  the  glycoUic  (C.Ji^^fi.^)  and  the  oxalic  (C,,H2„_204). 
Thus  ethene  alcohol  or  ethyl  glycol  treated  with  nitric  acid 
gives  up  2  or  4  of  its  hydrogen  atoms  in  exchange  for  oxygen, 
according  as  the  oxidation  occurs  at  a  low  or  a  high  tempera- 
ture, glycollic  or  oxalic  acid  being  produced,  as 

CJi,{0}l\  +  0,=C2H,03  +  H2O 

(ethyl  glycol)  (glycollic  acid) 

C2H4O3  +  62  =  C.Ufi,  +  H2O. 

(oxalic  acid) 
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Of  the  glycollic  or  lactic  series  the  important  members,  phy- 
siologically sj)eaking,  are  carbonic  (H2CO3),  glycollic  (HC2H3O3), 
and  lactic  (HC3H,^03)  acids.  With  the  exception  of  the  car- 
bonic they  are  all  monobasic. 

The  important  members  of  the  oxalic  series  to  which  refer- 
ence will  be  made  are  oxalic  (HgCgO^)  and  succinic  (HgC^H^O^) 
acids.     These  are  all  dibasic. 

I.  The  fatty  or  acetic  acid  series. 

Formic    acid  ....  CH.Og     or  CHO.OH 

Acetic        „  ....  C.,H^02    „  C^HgO.OH 

Propionic  „  ....  G.,YLJd.,     „  C3H5O.OH 

Butyric      ,,  ....  CJI^O,     „  C,H,O.OH 

Valerianic  „  .         .         .         .  C,H,„Q.,   „  C^HgO.OH 

Caproic      , 0^\l^f>.,   „  CeH„O.OH 

Palmitic     „  ....  CjeHg.^Oa  „  CigHgiO.OH 

Stearic       „  ....  C^HasOa  „  CigHgsO.OH 

FORMIC  ACID,  CHO.OH,  has  been  found  in  several  organs  and 
fluids  of  the  body,  such  as  the  spleen,  pancreas,  thymus,  and  brain, 
and  in  the  juice  of  muscle.  In  leukaemia  it  is  more  generally  spread, 
and  may  present  itself  in  the  blood,  urine,  sweat,  and  marrow. 

It  is  obtained  by  the  oxidation  of  organic  substances  in  general, 
such  as  sugar  and  starch.  Formic  acid  acts  as  a  powerful  reducing 
agent,  as  can  be  shown  by  heating  it  with  silver  or  mercuric  salts; 
and  it  may  be  regarded  as  one  of  the  excretory  products  of  tissue 
change,  though  it  is  in  great  part  further  burnt  to  carbonic  anhydride 
and  water. 

ACETIC  ACID,  CoHgO.OH  or  CH3C0.0H,is  a  colourless  liquid, 
the  strongest  form  solidifying  to  an  ice-like  mass  below  15*^,  and  hence 
the  name  glacial  applied  to  it. 

It  is  present  in  the  juice  of  muscle  and  of  many  glands,  as  the 
spleen,  &c.;  also  in  bile  and  sweat,  and  in  the  stomach  and  intestine 
as  the  result  of  fermentations,  especially  after  the  ingestion  of  sugar 
and  starch,  particularly  in  catarrhal  conditions  of  the  mucous  mem- 
brane. The  glacial  acetic  acid  is  prepared  by  distilling  sodic  acetate 
with  strong  sulphuric  ^cid. 

Acetic  acid  forms  normal  or  neutral  acetates,  as  KC2H3O2 ;  and 
acid  salts,  as  KC2H30.C2^4^'  With  lead  the  following  salts  are 
formed  :  normal  acetate,  or  sugar  of  lead,  Pb(C2H302)2j  which  is  solu- 
ble in  alcohol  and  slightly  soluble  in  water ;  and  the  basic  salts  or  suh- 
acetaies  :  sesquibasic  acetate  (Goulard's  extract),  2Pb(C2H302).2PbO ; 
triplumbic  acetate,  Pb(C2W3^2)2^PhO,  obtained  by  mixing  a  cold 
saturated  solution   of  the  normal   salt   with  a  fifth    of  its  volume 
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of  ammonia;  and  sexjjlumbic  acetate^  Pb(C2H302)25PbO,  formed 
by  adding  a  great  excess  of  ammonia  to  a  solution  of  the  normal 
salt. 

Test, — It  gives  a  red  colour,  but  no  precipitate,  with  ferric 
chloride  (Fe2ClQ),  but  this  colour  is  discharged  by  hydrochloric  acid. 
The  same  red  coloration  is  also  giv^en  with  formic,  pyrogallic,  sulpho- 
cyanic,  and  meconic  acids.  But  the  fo^^mic  and  pyrogallic  acids  pre- 
cipitate silver  nitrate  solutions  with  reduction  of  metallic  silver,  and 
the  pyrogallic  acid  gives  also  a  blackish  blue  coloration  with  ferrous 
sulphate.  The  red  coloration  given  by  sulphocyanic  acid  is  discharged 
by  mercuri3  chloride,  but  not  by  hydrochloric  acid,  while  that  given 
by  meconic  acid  is  removed  by  neither  of  these  bodies. 

To  separate  acetic  acid  the  general  plan  may  be  adopted  of  making 
two  distillations  of  the  liquid  containing  it,  the  first  being  made  after 
the  addition  of  a  few  drops  of  sulphuric  acid,  and  the  resulting  dis- 
tillate then  saturated  with  carbonate  of  soda,  evaporated  to  dryness, 
and  again  submitted  to  distillation  after  being  dissolved  up  in  dilute 
sulphuric  acid.  Formic  acid  may  be  present  in  the  distillate,  but  it 
can  readily  be  separated  by  boiling  the  distillate  with  mercuric  oxide, 
which  decomposes  the  formic  acid. 

PROPIONIC  ACID  occurs  sometimes  in  the  sweat,  and  occa- 
sionally in  fermenting  diabetic  urine,  and  in  the  intestinal  tract ;  it 
has  also  been  described  as  present  in  the  blood  in  leukajmia.  and  in 
the  vomited  matters  in  cholera. 

BUTYRIC  ACID. — Two  modifications  are  known — normal  or 
fermentation- butyric  or  ethyl-acetic  acid,  and  isobutyric  or  dimeth- 
acetic  acid. 

It  is  found  free  in  the  sweat  and  as  a  triglycerid  in  butter  ;  it  is 
also  met  with  in  the  faeces  and  urine,  in  the  juice  of  muscle  and  of 
many  glands,  and  in  various  kinds  of  decomposing  animal  and 
vegetable  matter.  Pathologically  it  appears  in  the  free  state  in  the 
stomach,  urine,  blood,  fluid  of  ovarian  cysts,  and  in  the  sputa  in 
gangrene  and  bronchiectasis  of  the  lung.  It  occurs  in  the  organism 
together  with  lactic  acid,  in  consequence  of  putrid  fermentations  of 
starches  or  saccharine  bodies. 

Butyric  acid  is  a  viscid  liquid  that  burns  with  a  blue  flame,  and  is 
easily  soluble  in  water,  alcohol,  and  ether,  calcic  chloride  separating  it 
from  its  solvTtions  as  an  oily  liquid.  It  is  precipitated  by  sulphate  of 
copper  and  hydrate  of  baryta,  and  gives  a  yellow  precipitate  with 
nitrate  of  silver  (C4H7Ag02),  and  salts  of  lead  and  zinc  also  combine 
with  it. 

VALERIANIC  ACID  is  often  present  in  the  faeces  and  is  an  oily 
liquid.     Valerianate  of  ammonia  is  produced  in  the  putrefaction  of 
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impure  leiicin,  and  accordingly  it  may  be  met  with  in  tlie  urine  in 
acute  atrophy  of  tlie  liver,  and  in  typhus  and  variola. 

CAPROIC  ACID  is  an  oily  fluid  contained  in  butter  ;  it  occurs 
in  faices  after  a  meat  diet,  and  is  occasionally  also  to  bo  found  in  sweat. 
It  is  produced,  together  with  other  acids  of  the  fatty  series,  by 
the  oxidation  of  albuminous  substances  and  of  the  higher  fatty 
acids. 

The  palmitic  and  stearic  acids  are  insoluble  in  water,  readily 
soluble  in  ether,  chloroform,  or  hot  alcohol,  soluble  also  in  glacial  acetic 
acid.  They  enter  into  the  composition  of  nearly  all  vegetable  and 
animal  fats,  forming  glycerides,  and  combine  with  the  alkalies  to  form 
soaps,  the  latter  generally  consisting  of  mixtures  of  the  potash  and 
soda  salts  of  these  and  other  fatty  acids,  the  soda  soaps  being  known 
as  the  hard  and  the  potash  soaps  as  the  soft  soaps. 

PALMITIC  ACID  (CigHsiCCOH)  is  a  colourless  solid  body, 
crystallising  in  beautiful  white  needles,  or  in  masses  of  crystalline 
scales  when  it  cools  after  having  been  melted.     It  forms  three  ethers 

or     palmitins  —  monopalmitin,      C3II5   \)       j^  ;      dipalmitin, 

f  OH" 

^3^5  TT    n  \   ^  ^"^   tripalmitin,    CsB^^{C^qRs^O.^)^.     Palmitic 

acid  is  occasionally  met  with  in  decomposing  pus,  cheesy  tubercle, 
and  sputa  in  gangrene  of  the  lung. 

STEARIC  ACID  is  the  chief  constituent  of  the  more  solid  animal 
fats,  as  suet  and  the  like;  but  it  is  also  abundant  in  the  softer 
fats,  as  in  human  fat  and  butter.  It  crystallises  in  large  glancing 
scales,  and,  like  palmitic  acid,  it  forms  stearic  ethers  or  stearins.  It 
is  generally  found  mixed  with  palmitic  acid,  though  this  latter  may 
be  chiefly  present,  as  in  palm  oil,  but  they  can  be  separated  by  dis- 
solving the  mixture  in  hot  alcohol  and  adding  to  this  an  alcoholic 
solution  of  acetate  of  magnesia ;  magnesic  stearate  crystallises  out, 
which  can  then  be  decomposed  by  hydrochloric  acid.  By  heating 
the  separated  stearic  acid  again  with  hydrochloric  acid,  and  crystal- 
lising it  several  times  from  alcohol,  the  stearic  acid  can  be  obtained  in 
moderate  purity. 

n.  Of  the  glycoUic  series  we  shall  only  refer  to  LACTIC  ACID, 
C^HgOa,  which  forms  a  syrupy  colourless  liquid,  soluble  in  water, 
alcohol,  and  ether.  Two  or  three  of  its  four  isomeric  modifications  exist 
in  the  body.  As  ethylidene-,  fermentation-^  or  iso-lactic  acid  it  is  ob- 
tained in  lactic  acid  fermentation,  and  the  same  form  is  met  with  in 
the  intestinal  tract,  occurring  also  in  many  glands  and  in  ganglionic 
nerve  cells.  Ethylene  lactic  acid  generally  accompanies  ethidene-,  fava-^ 
or  sarco-lactic  acid  in  the  watery  extract  of  muscle,  but  with  regard  to 
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its  presence  there  is  still  some  doubt,  although  it  is  said  to  have  been 
found  also  in  certain  pathological  exudations  (Wislicenus).  The 
sarcolactic  acid  appears  in  muscles,  especially  after  prolonged  activity, 
also  in  the  hepatic  cells.  It  differs  from  ordinary  lactic  acid  in 
polarising  light  largely,  the  free  acid  being  dextro-  and  the  anhydride 
1  ye vo- rotatory  ;  and  in  its  salts  crystallising  differently,  and  with  a 
smaller  proportion  of  water. 

Abnormally  lactic  acid  is  met  with  in  the  blood,  particularly  in 
leuka3mia,  pyaemia,  puerperal  fever,  and  may  show  itself  in  purulent 
discharges,  in  the  saliva  in  diabetes,  and  in  the  urine,  especially  after 
phosphorus  poisoning,  in  acute  atrophy  of  the  liver,  leukaemia,  and 
trichinosis,  and  occasionally  in  osteomalacia  and  rickets. 

Preparation. — Dissolve  cane  sugar,  3  kilo.,  in  13  litres  boiling 
watei-,  and  add  13  grams  tartaric  aeid ;  and  after  several  days 
mix  Avith  this  4  kilo,  sour  milk  with  which  has  been  stirred  up  100 
grams  old  cheese  and  1'5  gram  carb.  of  zinc.  Leave  for  eight  days 
at  30°  to  35° ;  collect  the  deposit  of  lactate  of  zinc  and  crystallise  it  out 
of  hot  water  ;  dissolve  it  up  again  in  boiling  water,  and  pass  a  current 
of  sulphuretted  hydrogen  through  the  solution.  The  filtrate  is  then 
to  be  evaporated  to  a  thin  syrup  and  shaken  up  with  ether,  and  the 
ether  extract  distilled  off  over  a  water  bath. 

(See  the  preparation  of  sarcolactic  acid  under  Muscle.) 

Lactic  acid  is  possibly  a  derivative  in  the  organism  of  sugar : 
C\iHi20(,=2(C3Hg03).  Its  decomposition  into  carbonic  acid  and 
Avater  is  easily  effected  in  the  system,  although  it  may  at  first  be  split 
into  butyric  acid,  carbonic  acid,  and  hydrogen  (Hoppe  Seyler). 

A  watery  solution  of  lactic  acid,  when  exactly  saturated  with 
caustic  soda,  will  after  some  time  again  show  an  acid  reaction.  A 
similar  solution  also  possesses  the  property  of  suddenly  diminishing 
in  its  specific  rotatory  power  on  light  when  diluted,  this  gradually 
rising  again,  but  never  to  its  original  amount.  If  boiled  with 
carbonate  of  lime,  lactate  of  lime,  2[(C3H503)2Ca]  +  9H20,  separates 
in  tufts  of  fine  needles.  Lactate  of  ziiic,  ZMOr^')A^O:i)2^-^^2^y  ^^ 
obtained  in  crystalline  needles  or  crusts ;  it  is  insoluble  in  alcohol, 
but  is  slightly  soluble  in  water,  the  paralactate  being  much  more 
soluble  than  the  ordinary  lactate.  It  also  forms  little  silky  needles 
when  boiled  with  carbonate  of  silver ;  this  silver  lactate  -  is  almost 
insoluble  in  cold,  but  easily  soluble  in  hot  alcohol,  and  if  long  boiled 
the  alcoholic  solution  takes  a  blue  colour. 

III.  Of  the  oxalic  series  we  shall  describe  the  two  following  : — 

OXALIC  ACID,  C2H2O4  or  (COOH)(COOH),  only  exists  in  the 
body  in  a  combined  form,  principally  as  oxalate  of  Mine  (CaC204). 
The  characters  of  this  body  are  given  under  urinary  deposits.     In 
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this  form  also  it  exists  ready  formed  in  many  plants,  often  se})arating 
out  of  their  juice  in  microscopic  octohedral  crystals,  and  after  the  use 
of  these  vegetables  it  may  appear  abundantly  in  the  urine.  It  is 
also  abundant  in  the  urine  in  chronic  catarrh  of  the  bladder  and  in 
different  mucous  inflammations,  and  occasionally  it  is  found  in  the 
mucous  membrane  of  the  gall  bladder  and  uterus.  It  is  possibly  held 
in  solution  in  the  urine,  before  being  deposited,  by  the  urates  and  acid 
sodic  phosphate  (Neubauer).  But  oxalate  of  lime  can  also  be  built 
up  in  the  organism.  An  injection  of  urates  into  the  blood  increases 
the  oxalate  of  lime  in  the  urine,  so  that  it  is  possible  for  the  oxalic 
acid  to  originate  in  the  organism  from  uric  acid ;  but  under  normal 
conditions,  when  active  oxidation  is  going  on,  oxalic  acid  rarely 
appears,  being  burnt  off  to  carbonic  acid  and  water.  An  oxalate  to 
which  a  little  powdered  black  oxide  of  manganese  is  added,  then  a 
little  water  and  a  few  drops  of  sulphuric  acid,  evolves  carbonic  acid. 

SUCCINIC  ACID,  H2C4H4O4  or  |  ch'cO  OH'""^^  '^  ^^''^"^ 
in  the  spleen,  thymus,  and  thyroid ;  occasionally  in  urine,  especially 
after  eating  asparagus  and  the  malic  acid  of  fruits ;  also  in  the  fluid 
of  echinococcus  cysts,  and  in  the  serum  of  hydrocele  and  hydro- 
cephalus ;  Meissner  has  met  with  it  in  the  blood  and  saliva,  and  in 
the  free  state  it  may  appear  in  the  stomach  and  in  active  muscle  juice. 
When  oxidised  by  nitric  acid,  all  the  acids  of  the  fatty  series,  from 
the  butyric  upwards,  yield  succinic  and  other  similar  acids. 

It  crystallises  in  large  rhombic  tables  or  prisms,  occasionally  form- 
ing prismatic  needles  or  hexagonal  plates ;  and  is  soluble  in  3  parts 
boiling  and  1 7  parts  cold  water,  less  soluble  in  alcohol,  and  insoluble 
in  ether;  it  begins  to  sublime  at  120°,  melts  at  180°,  and  decomposes 
at  its  boiling  point,  235°. 

Succinic  acid  is  formed  by  the  oxidation  of  many  organic  sub- 
stances, especially  the  fatty  acids,  and  it  may  possibly  be  a  derivative 
of  proteid  decomposition.  Ferric  chloride  gives  with  it  a  brown 
flocculent  precipitate ;  and  it  is  also  precipitated  by  neutral  acetate 
of  lead,  and  by  salts  of  silver  and  mercury. 

IV.  Only  two  other  bodies  will  be  here  described,  to  complete 
this  very  cursory  sketch  of  the  alcohols  and  organic  acids — namely, 
oleic  acid  and  phenol. 

OLEIC  ACID  belongs  to  the  acrylic  series,  of  which  the  gene- 
ral formula  is  H(C,jHo„_3)02.  It  is  monobasic,  HC18H33O2  or 
C,8H330.0H.  When  heated  with  caustic  potash  it  breaks  up 
thus:  Ci8H3402  +  KHO=C2H3K02  (potassic  acetate)  -t-Ci6H3,K02 
(potassic  palmitate)-|-H2.  This  acid  is  found  in  all  the  fats  of  the 
body,  and  is  present  also  in  most  natural  fats  and  non-drying  oils.    It 
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forms  n.  clear  oily  liquid  that  is  insoluble  in  water,  but  readily  soluble 
in  alcohol  and  ether, -and  crystallises  in  white  needles  which  melt 
at  14°. 

Like  the  palmitic  and  stearic  acids  it  forms  three  glycerides.  By 
heating  it  we  obtain  silky  needles  of  sebacic  acid  (CioHig04) ;  and  it 
forms  a  neutral  oleate  with  lead,  which  is  distinguished  from  the 
plumbic  salts  of  the  other  ftitty  acids  by  its  solubility  in  boiling 
alcohol. 

PHENOL  (Carbolic  Acid,  Phenic  Acid),  CgHgO  or  CgHsOH, 
belongs  to  the  benzene  group,  CgHg.  This  body  is  produced  in  the 
dry  distillation  of  coal,  forming  the  chief  constituent  of  the  acid  part 
of  crude  coal-tar  oil ;  by  the  dry  distillation  of  salicylic  acid  it  is  also 
readily  prepared. 

The  urine  of  the  horse  and  cow  normally  contains  it,  and  in 
human  urine  it  is  present  after  the  administration  of  benzine.  It 
seldom  presents  itself  in  the  urine  in  the  free  state,  but  frequently  as 
phenyl  sulphate  (CgH^OSOaH)  and  hydrochinon  [C6H4(OH)2].  The 
dark  colour  of  the  urine  after  the  ingestion  or  absorption  of  this  acid 
is  probably  due  to  the  oxidation  of  the  hydrochinon  or  its  isomer, 
brenzcatechin,  derived  from  it  (Baumann). 

Under  normal  conditions  the  amount  present  is  very  slight,  but 
it  is  increased  in  certain  diseases,  especially  those  where  the  intestinal 
contents  are  retained,  as  in  ileus,  though  it  has  also  been  found  even 
in  cases  of  diarrhoea  with  rapid  decomposition  of  the  intestinal  con- 
tents. Part  of  the  phenol  at  least  is  probably  derived  from  some 
of  the  decomposition  processes  occurring  to  the  proteids  in  the 
intestine. 

It  forms  a  colourless,  oily  liquid,  boiling  at  183°  and  solidifying 
at  low  temperatures,  crystallising  in  large  colourless  prisms  which 
fuse  at  37-5°  ;  its  solubility  in  water  is  very  slight  (1  :  20),  but  it  is 
very  soluble  in  alcohol,  ether,  and  potash. 

To  detect  the  acid  in  the  urine  this  liquid  should  be  distilled  after 
the  addition  of  some  alkaline  carbonate,  and  the  tests  can  readily  be 
applied  to  the  first  portions  of  the  distillate. 

Tests  and  Properties.  1.  Perchloride  of  iron  gives  with  it  a  deep 
violet  colour,  which  quickly  changes  to  a  dirty  brown. 

2.  A  chip  of  fir  or  a  deal  shaving  moistened  with  a  w^atery  solu- 
tion of  carbolic  acid,  then  plunged  in  dilute  hydrochloric  acid  and 
exposed  to  the  light,  is  tinged  of  a  deep  greenish  blue. 

3.  Nitrate  of  silver  is  reduced  by  it,  and  it  is  transformed  into 
picric  acid  by  long  boiling  with  strong  7iitric  acid,  oxidising  with 
violence  and  forming  a  red  solution,  which  on  cooling  deposits  yellow 
crystals. 
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4.  Add  to  a  watery  solution  quarter  its  volume  of  ammonia^  then 
some  drops  oi  potassium  chloride  solution  (1  :  20),  and  warm  gently  ; 
a  beautiful  blue  colour  wdll  soon  appear,  or,  if  the  solution  is  very 
dilute,  the  colour  will  be  more  or  less  greenish, 

5.  Giv^es  a  blue  coloration  in  presence  of  a  little  anilin  and  an 
alkaline  solution  of  sodic  hypochlorite ;  this  is  a  very  delicate  re- 
action (Jacquemin). 

6.  A  dilute  watery  solution  gives  a  yellowish  white  crystalline 
precipitate  of  tribromphenol  (C(5H2Br30H)  with  bromine  water. 
Salicylic  acid  gives  a  similar  precipitate,  so  that  in  testing  urine  for 
carbolic  acid  in  presence  of  this  acid  we  should  neutralise  with  car- 
bonate of  soda  and  shake  up  wdth  ether,  which  removes  the  phenol. 
This  method  may  be  employed  in  the  quantitative  determination  of 
carbolic  acid,  331  parts  of  the  bromine  being  equivalent  to  94  of  the 
acid. 

7.  Boil  a  little  very  dilute  solution  with  Millon's  reagent,  and  an 
intense  red  coloration  is  produced. 

8.  Add  a  little  carbolic  acid  to  yellow  nitric  acid  or  to  a  solution 
of  potassic  nitrite  (6  per  cent.)  in  strong  sulphuric  acid,  and  a  brown 
colour  is  produced,  changing  to  a  green  and  then  to  a  blue. 


CHAPTER   IX. 

CHEMllVIIiY   OF  THE   CARBOHYDBATES. 

To  the  carbohydrates  belong  the  starches,  dextrin,  and  sugar. 
They  may  be  thus  grouped  : — 

I.  Glucoses,  If.  Saccharoses.         III.  Amylases. 

Grape  sugar,  or  dex-  Cane  sugar  Starch 

trose  Lactose,  or  sugar  of  Dextrin 

Galactose  milk  Glycogen 

Inosit  Maltose  Cellulose 

Lrcvulose,  or  sugar  of  Arabin  (in  gum  ara-  Granulose 
fruits                                 bic) 

The  glucoses  are  regarded  by  some  authorities  as  the  alde- 
hydes of  the  natural  sugars  or  hexhydric  alcohols,  mannite  and 
dulcite,  the  former  present  in  manna,  an  exudation  from  a  species 
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of  ash,  and  in  the  sap  of  the  apple  and  cherry,  and  the  latter 
in  the  berries  of  the  *fnountain  ash.  These  two  bodies  have  the 
composition  CjjHg(OH)g,  but  they  do  not  ferment  or  reduce  an 
alkaline  solution  of  a  cupric  salt.  By  the  action  of  nascent 
hydrogen  grape  sugar  is  converted  into  marnite,  and  by  acting 
in  the  same  way  on  inverted  milk  sugar  dulcite  has  been  ob- 
tained. Of  the  diglucosic  alcohols  or  saccharoses,  2CgHj20g  —  Wfi 
—  ^12^22^11?  "^^'^  '^'diwe  examples  in  cane  and  milk  sugar.  Further, 
there  are  anhydrides  of  the  glucoses  (CgHj20g — HgOr^CgHjoOg), 
or  the  so-called  amyloses.  They  all  belong  to  the  carbo- 
hydrates, as  they  consist  of  6  or  12  atoms  of  carbon  united  with 
hydrogen  and  oxygen  in  the  proportion  in  which  they  form 
water  (H.O). 

STARCH  (Fecula,  Amidin),  7iCgHioO-,  or,  taking  ?i  =  3,  then 
CiyHgoO,..     This  body  is  most  widely  diffused  throughout  the 


Fig.  6.— Starch  Guanules. 

a,  potato  starch  ;  6,  potato  starch  highly  magnifled ;  c,  wheat  starch,  rings  not 
so  well  marked  as  in  the  potato ;  d,  rice  starch,  very  small  and  angular. 

vegetable  kingdom,  being  found  in  nearly  every  plant,  and  as 
a  rule  most  abundantly  in  certain  roots  and  tubers,  soft  stems, 
and  seeds. 

It^appears  as  a  white  glistening  powder  that  is  made  up  of 
little  rounded  transparent  bodies  or  granules,  each  of  which  has 
a  central  spot  or  hilum  around  which  are  a  series  of  depressed 
more  or  less  parallel  rings.  These  granules  vary  in  appearance 
according  to  their  source.  Each  granule  consists  of  an  outer 
layer  of  cellulose  enclosing  alternating  layers  of  granulose  and 
cellulose.  A  variety  of  granulose  present  in  small  amount  and 
giving  a  red  colour  with  iodine  Brucke  has  named  erythro- 
granulose. 

Starch  is  nearly  insoluble  in  cold  water  and  most  liquids. 
When  it  is  boiled  with  water  the  granules  of  which  it  consists 
burst  and  disappear,  but  even  with  much  w^ater  the  starch  is 
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chiefly  suspended  as  a  colourless  jelly,  only  a  small  proportion 
being  in  solution. 

Conversion  of  Starch  into  Sugar. — Make  a  thick,  gelatinous, 
starchy  solution,  and  add  to  it  a  little  lukewarm  watery  infusion 
of  malt ;  heat  the  mixture  to  about  70°,  and  in  a  few  minutes 
the  thick,  gelatinous  starch  gives  place  to  a  thin  fluid  con- 
taining dextrin  and  glucose.  The  infusion  of  malt  acts  by 
virtue  of  the  presence  in  it  of  the  ferment  diastase ;  the  tem- 
perature must  not,  therefore,  rise  as  high  as  100°,  or  the  fer- 
ment will  be  rendered  inactive.  When  starch  is  converted  into 
sugar  by  the  action  of  acids  or  diastase,  dextrin  and  glucose  are 
formed  simultaneously  (MuscuLUs)  :  CigHgoOig  +  H^O^C^HigOg 
-f  2CgHiQ05.  The  dextrin  obtained  by  the  action  of  saliva  on 
starch  BniJCKE  regards  as  a  mixture  of  erytkrodextrin,  coloured 
red  by  iodine,  and  achroodextrin,  which  is  not  coloured,  and  is 
possibly  not  converted  into  sugar  at  all,  or  if  so  with  difficulty. 

Leuchs  first  demonstrated  the  conversion  of  starch  into 
sugar  hy  means  of  saliva,  the  active  principle  of  which  is 
ptyalin,  1  part  of  this  body  being  capable  of  converting  2,000 
parts  of  starch  into  sugar. 

Kaw  starch  is  more  slowly  acted  on  than  starch  that  has 
been  cooked,  raw  maize  starch,  however,  being  changed  in  a 
few  minutes,  but  raw  potato  starch  very  slowly  ;  and  all  starches 
are  not  affected  alike,  for  boiled  potato  starch  is  more  easily 
converted  into  sugar  than  boiled  wheaten  starch,  and  this  in 
turn  more  quickly  than  rice  starch  (Lefberg).  Further,  the 
cellulose  is  not  so  readily,  if  at  all,  converted  into  sugar  by  the 
saliva  as  the  granulose  ;  therefore  when  the  cellulose  coats  are 
ruptured  by  boiling  the  granulose  is  more  easily  acted  on. 

Starchy  substances  to  serve  as  nutriment  must  first  undergo 
this  change  into  glucose  by  the  action  of  animal  diastase,  a  fer- 
ment found  not  only  in  the  saliva,  but  also  in  the  pancreatic 
and  intestinal  juices  ;  its  digestion,  accordingly,  commences  in 
the  mouth,  where  a  certain  amount  of  sugar  is  formed  ;  it  also 
continues  in  the  stomach,  but  to  a  less  extent,  on  account  of  the 
acidity  of  the  gastric  juice,  the  presence  of  albumin,  however, 
not  interfering  with  the  conversion  in  any  way  (Mialhe), 
although  it  affects  the  reduction  of  cupric  oxide  when  the 
copper  test  is  employed  to  detect  the   presence   of  the  sugar. 
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In  the  small  intestine  tlie  diastatic  conversion  occurs  with 
renewed  energy  from  the  afflux  of  the  fresh  ferment  of  the 
pancreatic  and  intestinal  juices,  the  acid  reaction  at  the  same 
time  gradually  disappearing. 

Starch  is  a  colloid.  To  Jit  it  for  ahsor lotion  it  niitst  therefore  he 
changed  into  sugar.  Take  two  large  glass  tubes  about  3  inches  wide 
(students  may  also  make  use  of  small  funnels),  and  tie  very  firmly  a 
piece  of  moist  parchment  or  of  the  large  intestine  of  a  sheep  over 
one  end  of  each ;  then,  having  nearly  filled  them  both  with  water 
holding  some  cooked  starch  in  suspension,  and  added  to  one  of  them 
a  little  saliva,  fix  them  vertically  in  two  dishes.  Lay  them  aside  for 
12  hours  in  a  moderately  warm  place ;  then  test  the  fluids  that  have 
transuded  with  iodine  and  Fehling's  solution  (see  p.  64)  :  sugar  will 
be  detected  in  the  fluid  that  has  come  from  the  tube  to  which  saliva 
w^as  added,  but  no  starch  will  be  found  in  either  transudation. 

Starch,  therefore,  is  a  colloid,  and  does  not  pass  through  animal 
membranes,  whilst  sugar  readily  does  so ;  and  the  sugar  in  this  ex- 
periment has  been  derived  from  the  conversion  of  some  of  the  starch 
by  the  saliva. 

Teats, — 1.  Add  tannic  acid  to  a  solution  of  starch :  a  yellow 
precipitate  containing  tannic  acid  falls  down,  which  redissolves 
on  the  application  of  heat. 

2.  Free  iodine  forms  a  deep  indigo-blue  compound  with 
starch,  but  heat  destroys  the  colour  if  long  applied.  Some 
dilute  solution  of  iodine  is  added  to  a  little  starch  mucilage 
(see  their  preparation,  p.  2)  in  a  test  tube,  or  starch  granules  on 
a  microscopic  slide  are  irrigated  with  the  iodine  solution.  This  is 
done  as  follows  :  Spread  a  small  pinch,  say  of  potato  starch,  or  a 
scraping  of  the  cut  surface  of  a  raw  potato,  upon  a  slide  in  a  drop 
of  water,  apply  a  cover  glass,  and  then  playe  a  drop  of  the 
iodine  solution  on  one  side  of  the  cover  glass  and  a  slip  of 
filter  paper  close  to  the  other  side.  Very  soon  the  iodine  solu- 
tion finds  its  way  inwards,  and  stains  the  starch  granules  a 
beautiful  blue.  Before  the  cellulose  constituent  takes  this 
blue  colour  it  must  first  be  acted  on  with  sulphuric  acid  or 
chloride  of  zinc. 

DEXTRIN  (British  Gum)  is  intermediate  between  starch  and 
sugar.  It  is  the  name  given  to  the  body  obtained  by  boiling 
starch  pa,ste  with  a  little  dilute  sulphuric  or  hydrochloric  acid 
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until  the  paste  becomes  thin  and  limpid  and  more  or  less  gum- 
like ;  but  if  the  boiling  is  too  long  continued  dextroglucose 
will  be  formed.  It  is  also  obtained  by  heating  dry  potato 
starch  up  to  400'',  when  the  latter  becomes  yellowish  and 
soluble  in  water.  Diastase  effects  the  sama  thing  with  starch 
paste,  although  its  continued  action  leads  to  the  formation  of 
maltose. 

DeKtrin  has  been  found  in  the  blood  and  organs  of  herbivora,  and 
Ltmpricht  has  discovered  it  in  the  flesh  of  young  horses  and  dogs, 
probably  as  a  decomposition  product  of  glycogen,  and  occasionally  in 
the  liver;  Eeichard  found  it  once  in  diabetic  urine,  and  it  appears 
in  the  alimentary  canal  after  the  ingestion  of  starch. 

.  It  is  a  gummydike  body,  forming  a  white  or  yellowish  powder, 
which  is  soluble  in  water,  constituting  a  turbid  solution,  but  insoluble 
in  alcohol  and  ether;  it  does  not  reduce  cupric  oxide  (or  only  to  a 
slight  extent),  nor  does  it  ferment  with  yeast,  but  it  has  a  strong 
right  polarising  action  on  light,  and  is  readily  converted  by  the  action 
of  dilute  acids  or  diastase  into  grape  sugar.  With  a  watery  solution 
of  iodine  it  gives  a  brownish  or  'port-vnne  red  colour,  which  disap- 
pears on  heating. 

BRtJCKE,  as  we  have  seen,  distinguishes  two  kinds  of  dextrin — 
erythrodextrin,  whose  solution  is  coloured  of  a  rosy  red  by  iodine,  and 
achroodextrin,  which  is  not  coloured  by  it,  and  is  not  so  readily 
converted  into  sugar,  although  this  change  may  be  effected  by 
boiling  it  with  dilute  hydrochloric  acid.  The  dextrins  possess  many 
points  of  resemblance  to  glycogen,  which  polarises  in  the  same  way 
and  is  similarly  acted  on  by  acids  and  ferments;  but  while  neutral 
watery  solutions  of  dextrin  are  transparent  those  of  glycogen  show  an 
intense  white  opalescence ;  iodine  solution  also  stains  glycogen  of  a 
dark  brownish  and  not  of  a  rosy  red,  as  is  the  case  with  dextrin. 

Tests. — Alcohol  precipitates  it  from  its  aqueous  solutions,  so  also 
does  lime  water,  and  a  mixture  of  ammonia  and  basic  acetate  oj  lead ; 
when  boiled  with  nitric  acid  it  yields  oxalic  acid.  Its  solutions  give 
a  violet  coloration  with  a  solution  of  iodine  in  potassic  iodide.  Boil 
a  few  minutes  with  dilute  hydrochloric  acid ;  the  solution  becomes 
thinner,  and  gives  the  tests  for  grape  sugar. 

It  is  distinguished  from  starch  by  its  amoi-phous  shape  and  its  red 
coloration  by  iodine,  and  from  glycogen  by  the  want  of  opalescence 
of  its  solutions  and  by  its  not  being  precipitated  by  basic  acetate  of 
lead  alone. 

To  2)re2)are  it,  make  20  grams  starch  into  a  paste  with  30  c.c. 
water,  and  add  slowly  to  it  5  grams  strong  sulphuric  acid  diluted 
with  30  c.c.  water.     After  mixing  well,  heat  for  some  time  over  a 
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water  batli  at  aljoufc  90^.  WJien  it  cools  precipitate  the  dextrin 
formed  by  tiie  addition,  of  alcohol ;  or  the  sulphuric  acid  may  be  re- 
moved by  saturation  with  chalk  and  subsequent  filtration,  the  filtrate 
being  evaporated  to  dryness. 


CHAPTER   X. 

GLYCOGEiV. 

GLYCOGEN, '>tC,Hi/J5[5(C,H„0,)  or  1  1(C6H,o05),Hofmann  ; 
C,^H2qOi5  +  4H20,  Abeles]. — This  body  was  first  discovered  in 
the  liver  by  Claude  Bernard.   It  is  there  built  up  by  the  liver 
cells,  appearing  as  little  granules  or  amorphous    masses,   its 
amount  depending  greatly  on  the  character  of  the  food ;  one  of 
the  great  functions  of  this  organ,  indeed,  being  its  production — 
this  occurring  even  in  severe  diabetes  (KiJLZ).     The  liver  of 
young  beasts  is  richer  in  glycogen  thim  that  of  older  animals. 
It  is  present  in  considerable  quantity  in  most  of  the  embryonic 
tissues,  appearing  to  increase  up  to  the  middle  period  of  gesta- 
tion, and  then  gradually  to  diminish  towards  its  conclusion. 
Glycogen  would  therefore  appear  to  have  an  important  role  to 
play  in  the  development  of  the  tissues.     It  is  also  met  with  in 
all  developing  embryonic  cells,  and  in  the  leucocytes  and  pale 
corpuscles  during  their  period  of  activity.     Salomon  has  found 
it-in  both  arterial  and  venous  blood,  and  traces  of  it  are  to  be 
met  with  in  most  of  the  organs,  as  in  the  pancreas,  kidneys,  brain, 
and  testes,  as  well  as  in  the  placenta.   It  is  constant  in  muscle, 
and  in  the  muscles  of  a  rabbit  Nasse  obtained  0*47  to  0-94  per 
cent.,  and  it  appears  to  be  increased  in  the  muscles  mostly  by 
whatever  increases  the  formation  of  glycogen   in   the   liver. 
With   regard   to  muscle   Brijcke   and   Weiss   affirm   that  in 
tetariised  frog's  muscles  less  glycogen  is  present  than  in  the 
resting   muscles,   thus  pointing  to  a  consumption,   probably 
indirect,  of  glycogen  during  muscular  contraction  ;  there  is  less 
also  in  muscle  when  it  has  passed  into  rigor  mortis  (Nasse), 
but,  on  the  other  hand,  the   glycogen  is  increased  when  the 
muscle  is  brought  into  a  state  of  paralysis  by  the  division  of  its 
nerves  (Chandelon). 

E 
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Preparation  (BrOcke's  Method). — Kapidly  decapitate  a  large  and 
well-fed  rabbit  about  two  hours  after  a  full  meal.  Open  the  abdo- 
men without  delay,  and  having  torn  out  the  liver,  cut  it  into  a  few 
pieces  and  throw  them  into  a  large  porcelain  dish  containing  water 
that  is  vigorously  boiling.  Let  them  lie  in  the  boiling  water  a  few 
minutes  until  they  are  quite  hard,  then  remove  them,  and  after 
having  rubbed  them  into  a  paste  in  a  mortar  return  the  fine  pulp  to 
the  boiling  water,  and  boil  again  for  about  half  an  hour,  when  the 
milky  extract  is  to  be  poured  off,  and  a  fresh  extraction  made  with 
more  boiling  water. 

So  far  two  operations  have  been  performed  :  the  action  of  the 
ferment  has  been  destroyed,  and  a  watery  extract  has  been  obtained 
of  the  liver;  but  as  this  extract  contains  albuminous  bodies  in  solu- 
tion, these  must  be  precipitated.  To  effect  this  the  hot  extracts  are 
to  be  rapidly  filtered  into  a  large  beaker  that  has  previously  been 
inserted  in  a  freezing  mixture  of  snow  or  ice  and  salt,  and  when  it 
has  cooled  hydrochloric  acid  and  potassio-mercuric  iodide  solution 
are  added  to  it  alternately  until  no  further  precipitate  occurs.  The 
albumins  are  thus  thrown  down.  Stir  well  and  filter  after  five  to  ten 
minutes  have  elapsed,  and  to  the  filtrate  add  spirit  until  about  GO  per 
cent,  of  absolute  alcohol  is  present  in  the  mixture ;  the  glycogen  will 
thus  be  precipitated  in  a  tolerably  pure  form,  which  will  not  be  the 
case  if  a  larger  excess  of  alcohol  is  added.  The  precipitated  glycogen 
is  next  to  be  collected  on  a  filter  and  washed  with  spirit  (60  per  cent.) 
until  the  washings  give  no  turbidity  with  a  mixture  of  dilute  caustic 
potash,  ammonia,  and  ammonium  chloride;  then  with  absolute 
alcohol,  and  repeatedly  with  ether.  Now  detach  the  glycogen  from 
the  filter,  and  dry  it  rapidly  on  a  piece  of  porous  earthenware  at  a 
moderate  heat.  It  should  form  a  white  powder,  that  may  be  further 
purified,  if  necessary,  by  dissolving  it  in  hot  water  and  precipitating 
it  therefrom  with  alcohol  to  which  a  little  ammonia  has  been  added, 
redissolving  as  before,  precipitating  with  spirit  containing  acetic  acid, 
and  washing  this  last  precipitate  with  absolute  alcohol  and  ether,  and 
then  drying  it. 

The  2^otassio-inercuric  iodide  is  prepared  by  carefully  precipitating 
a  saturated  solution  of  potassic  iodide  with  one  of  mercuric  chloride, 
and  having  washed  the  resulting  precipitate,  making  a  saturated  solu- 
tion of  it  in  some  hot  solution  of  potassic  iodide. 

Diflerent  other  methods  have  been  proposed,  such  as  the  use  of 
caustic  potash  and  acetic  acid  to  separate  the  albumin,  but  the  author 
much  prefers  Brucke's  to  any  of  them.  It  should  be  remembered 
that  wherever  glycogen  is  met  with  in  the  body  a  diastatic  ferment 
can  alsa  be  obtained,  so  that  in  the  preparation  of  glycogen  this  should 
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be  guarded  against,  as  otherwise  much  of  the  glycogen  may  be  con- 
verted into  sugar  if  the^ action  of  the  ferment  is  not  destroyed. 

Properties. — It  is  a  white  or  yellowish  white,  tasteless, 
inodorous,  and  amorphous  powder,  that  is  insoluble  in  alcohol 
or  ether,  but  forming  an  imperfect  opalescent  solution  in  boil- 
ing water,  which  polarises  to  the  right  about  three  times  as 
powerfully  as  does  grape  sugar.  In  many  of  its  properties  it 
corresponds  to  dextrin  (see  p.  48),  and  when  a  glycogen  solu- 
tion is  boiled  part  of  it  is  changed  into  a  dextrin-like  body. 

Sources. — Griycogen  is  very  abundant  in  the  liver  after 
ingestion  of  starch  and  sugar,  this  organ,  however,  being  com- 
paratively poor  in  it  after  a  diet  of  fat  and  albumin ;  but  the 
formation  of  glycogen  does  not  appear  to  be  directly  dependent 
on  the  presence  of  carbohydrates  in  the  intestine  ;  it  rather 
seems  to  be  an  intermediate  decomposition  product  of  albumin 
in  the  organism  (Wolffberg,  &c.) 

It  ought  to  be  remembered  in  discussing  the  different  ex- 
periments, and  the  deductions  therefrom  as  to  the  action  of 
various  bodies  in  increasing  the  formation  of  glycogen,  that 
it  does  not  necessarily  follow  that  the  body  thus  introduced 
becomes  directly  converted  into  glycogen,  but  that  it  may  merely 
contribute  indirectly  by  protecting  the  glycogen  from  change 
(TiEFFENBACH,  &c.)  And,  indeed,  for  this  very  reason,  and 
although  the  increase  in  glycogen  is  not  so  great  after  an  albu- 
minous diet,  many  authorities  regard  the  carbohydrates  as  not 
going  directly  to  the  formation  of  glycogen,  but  as  contributing 
indirectly  thereto  by  saving  albumin  by  their  own  combustion, 
and  thus  allowing  more  of  this  body  to  remain  to  be  converted 
into  glycogen.  It  is  probable  that  one  of  the  great  seats  of 
urea  formation  is  the  liver  (Cyon),  and  in  diabetes  we  find  the 
excretion  of  urea  to  be  also  increased,  pointing  to  the  pro- 
bable decomposition  of  albumin  in  the  liver  into  sugar  or 
glycogen  and  urea.  The  proteid  may  also  split  up  in  the  liver 
into  glycogen  and  the  biliary  acids,  or  its  glycocin  derivative  may 
split  into  urea  and  glucose  (4C2H^N02  =  2CON2H^  +  CqHj206). 
The  formation  of  glycogen  in  the  liver,  as  well  as.  the 
separation  of  sugar,  can  be  markedly  influenced.  Thus  punc- 
ture of  the  floor  of  the  fourth  ventricle  at  the  point  of  the 
calamus  scriptorius  after  a  short  time  causes  sugar  to  appear 
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in  the  urine.  And  that  the  liver  is  concerned  in  this  is  seen 
from  the  fact  that  if  the  liver  contains  no  glycogen  (as  after 
long  fasting,  or  when  its  glycogenic  activity  is  destroyed  by 
arsenical  poisoning)  no  sugar  jvppears  in  the  urine  after  the 
experiment  (Luchsinger).  The  state  of  the  vasomotor  nerves 
of  the  liver  appears  to  exercise  considerable  influence  on  the 
formation  of  sugar.  It  is  probably  by  their  action  on  these 
nerves  that  such  bodies  as  curara,  amyl  nitrite,  ether,  and 
chloral  hydrate  act  in  causing  sugar  to  appear  in  the  urine. 
It  would  appear  therefore  that  diabetes  is  really  a  disease  of 
the  nervous  system ;  but  even  in  this  disease  the  liver  does 
not  appear  to  have  lost  its  power  of  forming  glycogen  out  of 
sugar. 

The  assimilation  of  starches,  sugars,  inulin,  glycerin,  albu- 
min of  Qgg,  fibrin,  and  casein  causes  an  accumulation  of  gly- 
cogen in  the  liver,  while  inosite,  quercite,  mannite,  glycocin, 
gums,  and  fats  fail  to  do  so  (Mering,  &c.) 

While  Bernard  obtained  an  increase  of  glycogen  with  a 
flesh  diet,  very  little  increase  has  been  obtained  by  feeding 
animals  with  fibrin  (Dock,  Luchsinger)  ;  but  Finn,  Mering,  &c., 
caused  its  increase  upon  a  diet  of  flesh  or  egg  albumin,  as  well  as 
of  blood  fibrin.  Wolffberg,  by  feeding  an  animal  w^ith  8  grams 
albumin  and  60  grams  sugar  daily,  obtained  0*474  gram  gly- 
cogen ;  with  30  grams  albumin  and  60  grams  sugar,  0*821 
gram  glycogen ;  and  with  50  grams  albumin  and  60  grams 
sugar,  1*84  gram  glycogen  in  the  liver.  Forster,  by  an 
injection  of  glucose  into  the  portal  vein,  also  increased  the 
glycogen. 

Hunger  is  very  slow  in  diminishing  the  glycogen  in  the 
liver,  six  days  at  least  being  required  to  reduce  it  to  a  minimum. 
It  is  also  much  exhausted  by  fevers.  KiJLZ  found  that  in  fast- 
ing animals  starch  and  sugar  caused  glycogen  to  appear  in  the 
liver  ;  further,  that  severe  exercise  reduces  this  practically  to 
nothing,  and  that  five  or  six  hours'  exercise  will  produce  a  result 
that  can  otherwise  be  obtained  only  by  starving  the  animal  for 
twelve  to  twenty  days. 

Destination. — Glycogen  must  be  regarded,  however  derived, 
as  a  store  of  carbohydrate  material,  which  is  used  up  according 
to  the  needs  of  the  economy. 
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Bernard  believes  that  a  continual  conversion  of  this  body 
into  sugar  is  going  on*  in  the  liver,  and  that  the  sugar  formed 
is  carried  thence  into  the  circulation,  to  be  burnt  up  in  the 
lungs  and  tissues  generally,  but  particularly  in  the  muscles. 
The  quantity  of  sugar  in  the  blood  is  small  but  constant,  and, 
as  it  is  constantly  being  used  up  by  some  of  the  tissues,  it  is 
possible  that  the  supply  is  maintained  by  a  regulated  conver- 
sion of  the  glycogen.  The  blood  of  the  hepatic  vein  is  rich  in 
sugar  (Bernard),  though  this  is  denied  (Pavy)  ;  but  even  a 
difference  so  slight  as  to  be  almost  impossible  to  detect  chemi- 
cally might  be  sufficient  to  account  for  a  complete  conversion 
of  the  glycogen  of  the  liver  into  sugar  if  the  rapid  circulation 
of  the  blood  is  taken  into  account  as  well  as  its  large  volume 
(Flugge). 

The  conversion  of  glycogen  into  sugar  takes  place  more 
rapidly  when  the  circulation  through  the  liver  is  accelerated  ; 
and  this  undoubtedly  occurs  in  certain  lesions  of  the  nervous 
system  (Bernard,  Cyon),  in  which  the  vasomotor  centre  in  the 
medulla  is  destroyed,  or  the  vasomotor  nerves  of  the  hepatic 
vessels  divided  in  any  part  of  their  course,  so  as  to  increase  the 
circulation  in  the  liver. 

Such  a  conversion  of  the  glycogen,  however,  is  said  not  to 
occur  during  life  under  normal  conditions,  it  even  being  affirmed 
that  instead  the  glycogen  becomes  a  source  of  fat,  being  merely 
a  preliminary  step  in  the  metamorphosis  of  sugar  into  fats 
(Pavy) — an  hypothesis  that  may  be  probable,  but  which  cannot 
be  regarded  as  well  founded. 

McDoNNEL  is  of  opinion  that  the  glycogen  unites  with  the 
nitrogen  set  free  by  the  disassimilation  of  fibrin  and  albumin, 
so  as  to  constitute  a  protein  compound  resembling  casein. 

Conversion  of  Glycogen  into  Sugar. — This,  as  we  have  just 
seen,  is  what  normally  occurs  in  the  body  under  the  influence 
of  certain  ferments  found  in  the  liver  as  well  as  elsewhere  in 
the  organism,  the  change  being  proportioned  to  the  wants  of  the 
economy.  It  has  been  abundantly  proved,  for  example,  that  the 
liver  contains  an  active  ferment  capable  of  effecting  this 'con- 
version. Experimentally  it  can  be  shown  that  the  change  is 
readily  produced,  the  presence  even  of  traces  of  soluble  albu- 
min being  capable  of  bringing  it  about,  though  the  process  is 
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very  much  slower  than  under  the  influence  of  the  ciiastatic 
ferments  contained  in  saliva  or  pancreatic  juice  (Seegen).  A 
pure  glycerin  solution  of  glycogen  apparently  only  requires. the 
addition  of  water  to  render  it  capable  of  fermentation.  But  it 
would  appear  that  the  product  of  the  action  of  the  animal 
diastase  is  a  mixture  of  achroodextrin  and  maltose,  only  very 
little  dextrose  being  formed  (Muscdlus  and  Merino). 

Experiments. 

I.  To  Demonstrate,  the  Preseyxe  of  Sugar  in  the  Liver.  (The  pre- 
sence of  glycogen  has  already  been  demonstrated  in  its  preparation.) — 
Feed  a  large  rabbit,  and  when  it  is  in  full  digestion  decapitate  it ;  then, 


Fig.  7.— Puessure  Boitle. 

rt,  the  large  bottle  into  wliich  water  flows  from  a  water  tap  c ;  &,  a  U  tube  containing 
mercury  in  its  bend,  acting  as  a  pressure  gauge  ;  </,  tube  to  be  connected  with  a 
wash  bottle  like  h  in  fig.  8.  The  glass  cannula  for  inserting  into  the  vessel  is  figured  to  the 
right. 


having  opened  its  abdomen,  look  for  the  portal  vein,  and  tie  a  glass 
cannula  in  it.  The  liver  is  next  to  be  gently  removed,  taking  great 
care  not  to  tear  it,  and  to  be  placed  in  a  large  deep  porcelain  dish. 
(The- experiment  may  likewise  be  performed,  and  even  more  advan- 
tageously, without  removing  the  liver  at  all.)  Another  glass  cannula 
is  now  fixed  in  the  hepatic  vein,  and  the  cannula  in  the  portal  vein 
connected  wdth  a  pressure  bottle.  In  making  the  connection  care 
must  be  taken  to  exclude  air  by  filling  the  cannula  from  the  bottom 
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by  means  of  a  long  capillary  pipette.  Now  turn  on  a  pressure  of  2 
to  3  inches  of  mercury^  and  wash  out  the  liver,  collecting  at  intervals 
a  portion  of  the  washings  as  they  pass  through  the  cannula  in  the 
hepatic  vein  in  a  series  of  small  beakers  that  are  to  be  labelled  1,  2, 
3,  4,  ifec.  Test  each  of  these  for  grape  sugar  with  Fehling's  solution, 
but  it  is  generally  advisable  first  to  separate  the  albumin  present  by 
boiling  after  the  addition  of  a  drop  or  two  of  acetic  acid.  Sugar  will 
be  found  in  a  diminishing  quantity  in  each  of  the  specimens,  until  its 
presence  can  no  longer  be  detected.  When  all  the  sugar  has  thus 
been  washed  out,  lay  the  liver  aside  for  some  time,  and  then  repeat  the 
process  :  sugar  will  again 
be  found.  This  sugar,  ac- 
cording to  Seegen,  is  tiue 
grape  sugar,  while  that 
formed  by  the  action  of 
the  salivary  and  pancreatic 
ferments  on  glycogen  is 
not  true  grape  sugar,  but 
an  allied  form. 

The  pressure  bottle  is 
easily  constructed  as  fol- 
lows :  Take  a  very  large 
bottle  and  stop  it  with  a 
good  cork.  In  this  cork 
bore  three  holes,  one  for  a 
glass  tube  that  will  reach  to 
the  bottom  of  the  bottle,  and 
which  is  to  be  connected 
by  its  upper  end  by  means 
of  an  indiarubber  tube 
with  one  of  the  pipes  of  a 
water  supply  or  tank,  such 
as  are  to  be  had  in  every 
laboratory ;  the  second,  for 
a  short  tube  to  be  con- 
nected with  a  U  tube  containing  some  mercury  and  fixed  on  a 
stand ;  and  the  third,  for  another  short  tube  just  passing  through  the 
cork,  its  upper  end  having  attached  to  it  a  piece  of  rubber  tubing. 
This  last  is  to  connect  the  pressure  bottle  with  an  ordinary  wash 
bottle. 

To  obtain  the  pressure  the  plan  may  also  be  adopted  of  suspending 
a  large  bottle  filled  with  water  over  a  pulley.  In  an  aperture  near 
the  bottom  of  this  bottle  is  fixed  one  end  of  a  long  piece  of  fiexible 
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contains  water  and  is  suspended  by  a  cord  that 
passes  over  the  pulley  e,  and  is  fastened  at  d  ;  6  is 
tlie  pressure  wash  bottle  ;  c  is  the  vertical  support 
for  the  pulley  ;  its  front  edge  is  gi-aduated  in 
inches. 
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tubing,  the  other  end  being  connected  with  the  pressure  bottle.  Tliis 
suspended  bottle  can  be  raised  or  lowered  as  required  by  means  of 
the  cord  attached  to  it,  and  if  a  graduated  scale  is  placed  beside  it  the 
degree  of  pressure  can  be  read  therefrom,  and  the  U  mercury  tube 
rendered  unnecessary. 

II.  To  Prejjare  the  Ferment. — Place  a  large  piece  of  the  above 
liver,  or  better  of  a  liver  jast  removed,  which  has  been  minced  nnd 
washed  in  water  to  remove  the  blood,  in  some  strong  spirit  for  a  few 
minutes ;  then  remove  it,  and  having  dried  it,  cut  it  up  into  very 
small  fragments,  that  are  to  be  immersed  in  absolute  alcohol  and  laid 
aside  for  48  hours.  When  the  alcohol  has  been  filtered  oiF,  and  the 
mass  well  washed  in  more  of  the  same,  place  it  under  strong  glycerin 
for  a  week.     The  glycerin  extract  is  then  to  be  filtered  through  muslin. 

A  similar  ferment  can  be  prepared  from  bile  by  treating  it  ^vith 
alcohol  and  extracting  with  glycerin  as  above. 

III.  Tests  and  Reactions, — 1.  Test  with  a  solution  of 
iodine  made  bj  placing  a  little  fragment  of  this  body  in  water, 
and  then  adding  finely  powdered  potassic  iodide  with  constant 
stirring  until  a  wine-red  solution  is  obtained  ;  fresh  glycogen 
solutions  give  a  deep  vinous  red,  and  the  dry  powder  a  chestnut 
brow^n  tint.  The  colour  disappears  on  heating  the  solution,  but 
returns  on  cooling.  Dextrin  gives  a  somewhat  similar  reaction, 
but  the  colour  does  not  reappear  when  the  liquid  cools. 

2.  Add  caustic  potash  and  a  drop  or  two  of  cupric  sulphate 
solution  :  a  blue  solution  is  obtained,  but  on  boiling  no  reduc- 
tion of  the  cupric  oxide  occurs. 

3.  Boil  a  little  glycogen  solution  with  a  few  drops  of  dilute 
hydrochloric  acid  :  sugar  is  formed,  which  can  be  detected,  after 
neutralisation  with  caustic  potash,  by  boiling  with  a  little  P'eh- 
ling's  solution,  when  a  yellowish  precipitate  is  obtained. 

4.  Add  to  the  glycogen  solution  some  glycerin  extract  of 
liver  ferment,  and  warm  for  a  short  time  to  45^-50° :  sugar  is 
rapidly  formed,  which  can  be  detected  as  in  the  previous  test. 
The  presence  of  free  acids,  alkalies,  alkaline  carbonates,  or  sodic 
silicate  interferes  with  the  conversion. 

The  glycerin  extract  acts  equally  well  with  starch  mucilage, 
but  if  the  extract  is  boiled  its  ferment  action  is  destroyed. 

5.  Place  some  glycogen  solution  in  three  test  tubes,  and 
add  to  one  of  them  a  little  blood,  and  to  another  a  little  saliva  ; 
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lay  the  three  tubes  aside  for  about  twenty  minutes  at  a  tempera- 
ture of  37°,  and  then  test  them  for  sugar :  this  will  be  found 
in  the  tubes  to  which  the  blood  and  saliva  have  been  added, 
but  not  in  the  third.  A  ferment  must,  therefore,  be  present 
in  the  blood  and  the  saliva  of  the  same  nature  as  that  contained 
in  the  glycerin  extract  of  the  coagulated  liver. 

6.  A  watery  solution  is  precipitated  by  plumbic  acetate, 
thus  differing  from  dextrin,  but,  as  with  dextrin,  a  precipitate  is 
thrown  down  by  plumbic  acetate  and  ammonia. 


CHAPTER   XI. 

CANE  SUGAB,   LACTOSE,  AND  MALTOSE. 

CANE  SUGAR,  0^,^^fi^^,  is  generally  distributed  through- 
out the  vegetable  kingdom  in  the  juices  of  plants,  trees,  and 
fruits. 

It  forms  transparent,  colourless,  rhomboidal  prisms  that  are 
very  soluble  in  water,  the  solution  polarising  to  the  right 
(73-8°).  In  its  decompositions  it  resembles  grape  sugar  and 
it  forms  combinations  with  many  alkaline  and  earthy  salts. 

Though  closely  allied  to  grape  sugar  there  are  many  points 
of  distinction  :  thus  it  is  not  directly  fermentable,  being  first 
resolved,  under  the  influence  of  yeast  at  a  warm  temperature, 
into  dextrose  and  levulose,  which  then  enter  into  fermentation. 
When  boiled  with  dilute  acids  it  is  likewise  resolved  into  these 
two  bodies.  Cane  sugar  does  not  reduce  Fehling's  solution, 
nor  is  it  precipitated  by  basic  acetate  of  lead,  although  it  is 
precipitated  by  ammonic  lead  acetate.  Strong  sulphuric  acid 
chars  cane,  while  it  dissolves  grape  sugar. 

Eefore  cane  sugar  leaves  the  alimentary  canal  by  absorj)tion 
it  most  probably  first  undergoes  conversion  into  grape  sugar. 
This  conversion  is  generally  completed  before  it  passes  the 
ileum,  much  cane  sugar  being  found  in  the  upper  part  of  the 
small  intestine  (Kobner).  When  it  is  injected  into  the  veins 
of  an  animal  it  is  excreted   in  the  urine    without  alteration, 
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which  is  not  the  ease  with  grape  sugar,  and  accordingly  cane 
sugar  is  not  directly  assimilable,  bat  must  undergo  a  previous 
conversion  into  grape  sugar. 

LACTOSE,  or  SUGAR  OF  MILK,  C,,H./),^  +  H,0.— How 
this  body  is  formed,  whether  from  grape  sugar  or  by  a  decom- 
position of  albuminous  bodies  in  the  organism,  is  still  doubtful. 
It  is  found,  with  any  degree  of  certainty,  only  in  milk,  although 
it  has  been  described  as  occurring  in  the  urine  of  women  in  the 
early  days  of  lactation  and  after  '  weaning.' 

Properties. —Lactose  closely  resembles  cane  sugar,  but  it  is 
a  more  stable  body.  It  crystallises  in  right  rhombic  four-sided 
prisms  that  are  hard  and  white  or  nearly  colourless,  but  it  is  not 
so  soluble  as  the  other  sugars  :  thus  it  dissolves  in  six  parts 
cold  and  two  and  a  half  parts  hot  water,  and  is  insoluble  in 
absolute  alcohol  and  ether,  and  has  only  a  faint  sweet  taste. 
Like  dextrose  its  freshly  prepared  solution  has  a  dextro-rotatory 
power  (93-1°),  that  diminishes  slightly  on  standing,  its  warm 
watery  solution  polarising  to  the  right  58*2°,  rising  to  59*2°  when 
boiled ;  but  it  is  more  or  less  constant  at  52*o°,  independent  of 
the  strength  of  its  solution. 

It  is  fermentable  with  difficulty,  first,  however,  being 
changed  into  galactose,  an  isomer  of  glucose.  When  it  de- 
composes in  presence  of  casein  it  forms  lactic  and  sometimes 
also  butyric  acid.  This  can  be  shown  by  adding  oxide  of  zinc 
and  casein  to  its  watery  solution,  and  keeping  the  mixture 
sometime  between  35°  and  40°  :  lactate  of  zinc  is  formed.  Its 
compounds  with  bases  are  unstable,  being  decomposed  readily 
by  boiling. 

Acted  on  with  nitric  acid  it  yields  mucic  and  saccharic 
(CgHjoOg),  oxalic,  carbonic,  and  tartaric  acids.  It  is  precipi- 
tated by  basic  acetate  of  lead  and  ammonia,  and  reduces  alkaline 
cupric  solutions,  but  less  powerfully  than  glucose  (about  seven- 
tenths)  ;  so  also  with  the  other  reduction  tests  (see  under  Grape 
Sugar),  such  as  those  of  bismuth,  silver,  and  indigo. 

Preparation. — 1.  Add  to  cow's  milk  one-fiftli  its  weight  of 
powdered  plaster  of  Paris;  boil  and  evaporate  to  dryness;  exhaust 
the  dry  residue  with  ether  to  remove  fatty  matter,  and  then  treat 
with  spirit  to  remove  the  sugar  present,  from  which  it  is  obtained  by 
crystallisation. 
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2.  Boil  the  milk  and  then  add  a  few  drops  of  acetic  or  hydro- 
chloric acid,  so  as  tq  separate  the  curd ;  filter  through  linen,  and 
clarify  the  whey  when  cold  by  mixing  with  it  a  little  well-beaten 
white  of  egg  and  then  boiling  the  mixture  ;  filter  again  through  linen 
or  muslin,  and  evaporate  the  filtrate  tx3  a  syrupy  state;  lay  aside  in 
a  cool  place  for  a  few  days,  and  purify  the  crystalline  mass  obtained 
by  boiling  it  with  animal  charcoal ;  tlien  reerystallise. 

3.  Acidulate  so  as  to  precipitate  the  casein,  filter  through  linen, 
boil  the  filtrate,  and  filter  again ;  evaporate  finally  to  a  small  bulk, 
and  lay  aside  to  crystallise. 

To  Detect  Sugar  in  Milk, — Acidulate  slightly  with  acetic 
acid,  boil,  and  filter,  and  test  the  filtrate  with  Fehling's  solu- 
tion and  with  bismuthic  nitrate  solution  (see  under  Grape 
Sugar). 

MALTOSE  is  the  end  product  of  the  action  of  diastase  on 
starch,  and  can  also  be  formed  by  the  action  of  dilute  sulphuric 
acid  on  the  same  body.  It  resembles  cane  sugar  in  many 
respects,  but,  unlike  it,  maltose  possesses  the  power  of  reducing 
an  alkaline  solution  of  cupric  hydrate,  its  reducing  action,  how- 
ever, being  about  one-third  less  than  that  of  dextrose,  but  it  has 
a  stronger  dextro-rotatory  powder  than  this  body  (150°),  and,  like 
it,  is  capable  of  undergoing  alcoholic  fermentation ;  it  can  also 
be  converted  into  dextrose  by  being  warmed  for  some  time 
with  a  dilute  acid.  It  is  said  to  form  fine  acicular  crystals. 
Under  Digestion  reference  will  be  made  to  the  probability  of 
this  body  being  the  chief  sugar  formed  by  the  action  of  the 
animal  diastase  on  ferments. 

ARABIN  is  the  main  constituent  of  gum  arable.  When 
heated  with  dilute  sulphuric  acid  it  yields  a  crystalline  sugar, 
arahinose^  that  is  isomeric  with  dextrose,  like  this  body  reduc- 
ing an  alkaline  solution  of  cupric  hydrate  and  polarising  to  the 
right,  but  more  powerfully ;  unlike,  however,  in  being  incapable 
of  fermentation  with  yeast. 
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CHAPTER   XII. 
GRAPE  SUGAR. 

C  ...  3G-36| 
GRAPE  SUGAR  (D^riros^),  CgHj/),-}  H,0=:H  ...    7-07    ; 

0  ...  56-57 ) 
C  ...  40-0  \ 
CgHj20g  =  H  ...     ^'^     . — Its  rational  formula  may  be  written 

0  ...  53-34] 

C5(0CH)Hg(0H),  or  CH20H(CHOH)4COH.  In  some  respects, 
we  have  seen,  it  corresponds  to  an  alcohol,  and  in  others  to  an 
aldehyd. 

This  sugar  is  found  in  the  chyle  after  the  ingestion  01  starchy 
or  saccharine  food,  in  the  blood,  especially  of  the  hepatic  vein, 
in  the  lymph,  muscle  juice,  and  in  the  intestinal  contents. 
According  to  Bernard  in  the  blood  of  the  carotid  of  dogs  it 
forms  0*110  to  0*151  per  cent.,  and  in  that  of  the  jugular  0*067 
to  0*125  per  cent.  In  the  blood  of  the  carotid  Abeles  found 
0*049  per  cent.,  and  in  the  venous  blood  of  the  right  heart 
0*054  per  cent.  The  estimates  given  by  different  experimenters 
of  the  comparative  amounts  of  sugar  in  the  blood  of  the  portal 
and  hepatic  veins  vary  considerably,  some  corresponding  more 
or  less  with  Bernard's  results,  and  others  differing  therefrom. 
So  also  with  regard  to  the  proportion  of  sugar  in  the  blood  of 
the  right  and  left  heart,  but  careful  experiments  point  to  the 
proportion  of  sugar  in  the  right  heart  exceeding  that  in  the 
left  (LusK,  &c.) 

Properties. — Pure  glucose  does  not  crystallise  well,  some- 
times appearing  as  little  warty  masses,  or  as  little  clusters  of 
fine  needles,  or  of  radiating  rhomboidal  lamella?,  or  in  six-sided 
tables  or  prisms,  occasionally  also  in  cubes  or  square  tables. 
The  crystalline  modification  passes  readily  into  the  amorphous 
form  when  its  solutions  are  boiled  or  allow^ed  to  stand  for  some 
time.  From  hot  absolute  alcohol  it  crystallises  in  white  anhy- 
drous needles  that  are  closely  packed  in  little  warty  masses. 
It  is  not  so  sweet  as  cane  sugar,  easily  soluble  in  water,  but 
less  so  than  cane  sugar,  very  slightly  soluble  in  alcohol,  and 
insoluble  in  ether.     Its  watery  solutions  polarise  strongly  to 
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the  right :  o3'l°  (Tollens),  or  the  crystalline  form  56*4",  <ind 
the  amorphous  56° -(HOPPE  Seyler).  Freshly  prepared  watery 
solutions  may  indicate  104°,  but  on  heating  the  solution,  or 
after  it  has  stood  some  time,  it  falls  to  ^%°,  where  it  remains 
constant. 

An  alkaline  solution  forms  a  deep  blue  fluid  with  cupric 
salts,  which  is  decomposed  by  boiling,  the  cuprous  oxide  being 
precipitated ;  but  this  reaction  is  hindered  somewhat  by  the 
presence  of  albumin,  peptones,  pepsin,  kreatin,  and  kreatinin. 

Preparation.  («)  From  Cane  Sugar. — Add  30  c.c.  strong  hydro- 
chloric acid  to  500  c.c.  alcohol  (80  per  cent.),  and  saturate  the  mix- 
ture with  finely-powdered  cane  sugar.  After  standing  some  time 
grape  sugar  separates  in  a  chemically  pure  form  in  white  crystalline 
crusts.  Collect  the  crystals  by  decantation,  and  after  washing  them 
upon  a  filter  with  absolute  alcohol  until  the  acid  reaction  disapf>ears 
dry  them  in  a  warm  chamber,  and  lastly  recrystallise  them  from 
boiling  absolute  alcohol. 

By  this  process  grape  sugar  is  obtained  with  less  trouble  and 
expense  than  by  the  following  method. 

(h)  From  Diabetic  Urine. — Evaporate  the  urine  at  a  low  tempera- 
ture to  a  syrupy  consistence,  and  at  the  end  of  a  few  days  or  weeks 
an  abundant  crystallisation  appears.  Decant  and  rub  up  the  saccha- 
rine mass  with  a  little  alcohol,  treat  it  with  more  spirit,  and  decant 
again ;  then  boil  with  still  more  alcohol,  filter,  and  allow  the  filtrate 
to  crystallise.  By  repeated  crystallisations  from  alcohol  the  sugar 
can  be  obtained  free  from  colour  and  in  the  form  of  four-sided  prisms, 
sometimes  united  in  warty  masses. 

(c)  From  Starch. — Boil  the  following  mixture  for  4  or  5  hours  : 
potato  starch  15,  sulphuric  acid  6,  water  60.  Then  neutralise  with 
chalk,  filter,  and  evaporate  the  filtrate  rapidly  to  a  small  bulk,  from 
which  much  of  the  colour  may  be  removed  by  shaking  it  up  with 
animal  charcoal.  The  ultimate  filtrate  is  evaporated  to  a  thin  syrup 
and  allowed  to  crystallise  out. 

{d)  From  Honey,  of  which  it  forms  the  solid  crystalline  portion, 
it  may  be  readily  prepared  by  washing  away  the  fluid  syrup  with  cold 
alcohol. 

Combinations. — It  combines  with  certain  acids  and  bases 
(as  potash  and  lime),  forming  glycosates  or  saccharates ;  when, 
for  example,  an  alcoholic  solution  of  glucose  is  mixed  with  an 
alcoholic  solution  of  caustic  potash,  the  saccharate  (CgH,iKOg) 
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separates  after  some  time,  but  its  watery  solutions  give  no  pre- 
cipitates with  earthy  or  metallic  salts ;  only  in  presence  of  am- 
monia is  it  thrown  down  by  neutral  or  basic  acetate  of  lead,  by 
which,  however,  it  is  then  readily  and  completely  precipitated. 
From  a  concentrated  solution  of  grape  sugar  saturated  with 
sodic  chloride  large  rhombohedric  or  double  pyramidal  crystals, 
having  the  composition  20^11, gOg  fNaCl-f-HgO,  often  separate 
on  allowing  the  solution  to  evaporate  spontaneously. 

Decompositidns. — If  1  molecule  of  grape  sugar  is  mixed  with 
5  molecules  of  cupric  sulphate  and  11  molecules  of  sodic  hydrate, 
and  the  mixture  laid  aside  for  20  minutes,  the  copper  will  be 
precipitated  completely,  and  the  filtrate  will  be  free  from  sugar 
(Salkowski).  In  alkaline  solutions  it  has  therefore  a  great 
tendency  to  absorb  oxygen,  and  accordingly  acts  as  a  strong 
reducing  agent.  Most  of  its  tests  really  depend  on  this  pro- 
perty. 

When  boiled  with  the  stronger  acids  and  alkalies  grape 
sugar  is  decomposed ;  with  nitric  acid  it  forms  saccharic  and 
oxalic  acids,  and  with  dilute  sulphuric  or  hydrochloric  acids  it  is 
converted  into  brown  substances — ulmin,  ulmic  acid,  &c. 

Under  the  influence  of  yeast  it  ferments  ajb  a  temperature 
from  l(f  to  40°,  but  best  at  25°  to  35°  (below  5°  or  above  45° 
fermentation  completely  ceases) — CgH,206  =  2(C2HgO)  (alcohol) 
+  2C0^,  a  little  amyl  alcohol,  glycerin,  and  succinic  acid  being 
formed  at  the  same  time.  A  complete  fermentation  will  not 
occur  if  the  percentage  of  sugar  is  much  above  15  per  cent.,  an 
accumulation  of  alcohol  also  hindering  the  process. 

Grape  sugar  is  readily  convertible  into  lactic  and  even 
butyric  acid  in  presence  of  organic  bodies  in  a  state  of  change, 
such  as  are  to  be  found,  for  example,  in  the  alimentary  canal. 
By  mixing  with  some  dextrose  a  little  cheese,  decaying  albu- 
min, or  sour  milk,  lactic  and  then  butyric  acid  fermentation 
will  be  set  up,  with  the  evolution  of  carbonic  acid  and 
hydrogen. 

When  heated  glucose  melts,  water  is  given  off,  and  glucosan 
formed ;  at  a  higher  temperature  more  watery  vapour  is  evolved, 
and  at  about  1 70°  it  is  changed  into  caramel. 

Origin,  Role,  and  Destination. — The  sugar  in  the  body  is 
derived  partly  from  the  sugar  and  starch  contained  in  the  food. 
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but  a  part  is  undoubtedly  formed  in  the  organism  itself,  par- 
ticularly in  the  liver 'and  in  muscle,  and  very  probably  from  the 
glycogen. 

Its  role  is  chiefly  that  of  a  respiratory  food,  its  combustion 
into  carbonic  acid  and  water  giving  out  much  heat ;  but  whether 
these  products  are  direct  or  not  it  would  be  difficult  to  say  ;  that 
there  are  intermediate  products,  however,  is  very  likely,  as  is 
evidenced  by  the  occasional  presence  of  aceton  in  the  urine, 
especially  of  diabetes,  and  occasionally  in  the  urine  of  fevers 
(variola,  typhus,  pneumonia).  Mialhe  was  of  opinion  that 
the  sugar,  when  it  arrived  in  the  blood,  formed  glycosates  that 
were  rapidly  transformed,  ultimately  undergoing  oxidation.  It 
is  probable  also  that  it  aids  in  the  development  of  muscular 
energy. 

Tests. — Before  trying  Troynmer^s  test  it  is  generally  ad- 
visable for  the  student  to  refresh  his  knowledge  of  some  of 
the  chemical  properties  of  sulphate  of  copper,  and  accordingly 
apply  the  following  tests  to  a  solution  of  that  body :  (j)  Add 
caustic  potash — a  light  blue  precipitate  of  the  hydrated  oxide, 
insoluble  in  excess.  Boil,  and  the  blue  hydrated  oxide  is 
decomposed,  the  black  oxide  being  deposited,  (ij)  Eepeat  the 
experiment,  but  first  add  some  potassic  tartrate ;  the  blue  pre- 
cipitate is  now  soluble  in  excess,  a  clear  blue  fluid  being  ob- 
tained, on  boiling  which  no  precipitate  is  thrown  down,  (iij) 
Next  substitute  glycerin  for  the  potassic  tartrate,  and  note  that 
the  same  result  is  produced  as  before,  (iv)  The  same  experi- 
ment is  to  be  again  repeated,  but  this  time  after  the  .  addition 
of  sugar,  when  it  is  to  be  observed  that  the  precipitate  is  soluble 
in  excess  of  caustic  potash,  but  also  that  on  boiling  the  sub- 
oxide is  thrown  down,  owing  to  a  reduction  of  the  cupric  salt, 
(v)  Perform  the  last  experiment  again,  and  note  the  influence 
exerted  by  the  addition  of  ammonia  or  its  salts  (the  chloride, 
urate,  &c.)  in  preventing  the  reduction  ;  then  boil  for  some 
time  with  excess  of  caustic  potash,  and  after  the  consequent 
evolution  of  ammonia  it  will  be  found  that  the  suboxide  will 
generally  be  obtained  (Beale). 

1.  Trommer^s  Test. — Add  a  drop  or  two  of  a,  dilute  solution 
of  cupric  sulphate  to  the  solution  of  sugar,  so  as  to  give  the  mix- 
ture a  very  pale  blue  tint ;  now  add  caustic  potash  or  soda  in 


64  NUTRITION  AND  FOODS. 

excess:  a  pale  blue  precipitate  of  cupric  hydrate  is  thrown  down, 
which  immediately  redissolves,  a  deep  blue  solution  being 
formed.  Heat  gently,  and  generally  befoie  the  boiling  point  is 
reached  a  reddish,  orange,  or  yelloiv  'precijpitate  of  the  sub- 
oxide of  copper  will  show  itself,  appearing  first  near  the  surface 
of  the  liquid.  The  colour  of  the  precipitate  depends  on  the 
relative  proportions  of  the  sugar  and  copper,  with  excess  of  sugar 
being  yellowish  and  with  excess  of  copper  reddish ;  but  this 
is  also  affected  greatly  by  the  degree  of  concentration  and  the 
purity  of  the  solutions  employed,  with  impure  solutions,  as 
with  urine  containing  little  sugar,  the  suboxide  having  generally 
a  yellow  colour. 

It  is  much  safer  to  employ  a  little  Fehling's  solution  in 
applying  this  test,  as  many  liabilities  to  error  are  thus  avoided. 
Place  some  of  the  solution  in  a  test  tube,  dilute  it  with  water, 
and  boil ;  then  add  the  saccharine  fluid  drop  by  drop  and  con- 
tinue the  application  of  the  heat :  a  yellow  or  red  sediment 
will  soon  form  before  boiling  point  is  reached.  The  plan  of 
boiling  the  urine  first  and  then  adding  the  reagent  is  liot  to 
be  adopted. 

If  albumin  is  present,  as  occasionally  happens  with  saccha- 
rine urine,  it  is  advisable  to  separate  this  body  before  applying 
Trommer's  test.  This  is  readily  done  by  acidifying  the  liquid 
with  a  drop  or  two  of  acetic  acid,  then  boiling  for  some  time, 
filtering,  and  washing  the  precipitated  albumin  on  a  filter. 

2.  Moore^s  Test. — To  a  little  of  the  solution  add  hcdf  its 
volume  of  liquor  potassce  and  boil  gently  for  a  minute  or  two  : 
a  bright  brown  tint  is  acquired  by  the  fluid.  The  change  in 
colour  will  be  better  seen  if  only  the  upper  part  of  the  mixed 
liquids  is  heated.  It  is  due  to  the  formation  of  melassic  acid, 
and  if  a  little  nitric  acid  in  excess  is  next  added,  an  odour  like 
that  of  burnt  sugar  or  of  formic  acid  will  be  evolved. 

The  test  is  wanting  in  delicacy.  Care  should  be  taken  that 
the  caustic  potash  contains  no  trace  of  lead. 

8.  Reduction  Tests,  (a)  Mauniene's. — When  glucose  is 
heated  in  contact  with  pei'chloride  of  tin  (SnCl^)  decomposition 
occurs  and  a  black  compound  is  formed. 

The  test  may  be  conveniently  applied  thus :  Dissolve  some 
of  the  perchloride  in   twice    its   weight  of   water  and  filter; 
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immerse  long  strips  of  any  woollen  material,  such  as  white 
merino  or  flannel,  in-. this  solution,  and  then  dry  them  over  a 
water  bath  at  a  gentle  heat ;  these  strips  are  to  be  kept  in  a 
bottle  till  required.  Dip  one  of  them  in  a  very  dilute  solution 
of  the  grape  sugar,  and  heat  the  moistened  slip  before  a  fire,  or 
otherwise  (at  a  temperature  of  130°  to  150°),  and  it  will  quickly 
assume  a  brownish  black  colour. 

Other  carbohydrates,  however,  possess  the  same  property. 

(6)  Bottger^s  Bisonuth  jfes^.-^This  maybe  performed  in  any 
of  the  three  ways  given  below;  the  third,  however,  is  to  be 
preferred  ;  but  no  albumin  must  be  present. 

(j)  Add  a  few  drops  of  dilute  nitric  acid  solution  of  nitrate 
of  bismuth  to  the  solution  of  sugar,  then  render  the  mixture 
alkaline  by  the  addition  of  sodic  carbonate  and  boil  a  few 
minutes ;  the  bismuth  salt  is  reduced  and  a  grey  or  black  pre- 
cipitate is  thrown  drown. 

(ij)  Boil  some  of  the  grape  sugar  solution  and  saturate  it 
with  sodic  carbonate  in  substance,  then  add  a  few  grains  of 
basic  bismuthic  nitrate  and  boil  a  few  minutes  ;  a  grey  and 
then  a  black  precipitate  of  metallic  bismuth  soon  appears. 

(iij )  P^irst  prepare  an  alkaline  solution  of  the  oxide  of  bis- 
muth :  take  5  grams  basic  nitrate  of  bismuth  and  5  grams 
powdered  tartaric  acid,  and  place  in  a  small  flask  with  30  c.c. 
distilled  water  ;  now  add  slowly  and  with  constant  stirring  some 
strong  solution  of  caustic  soda  until  a  clear  solution  is  obtained. 
Close  tlie  flask  with  a  caoutchouc  stopper  through  which  passes 
a  tube  filled  with  fragments  of  caustic  lime. 

Add  a  little  of  this  to  the  solution  of  sugar  and  boil  for  a 
few  minutes,  when  a  marked  brown  and  then  a  black  colora- 
tion shows  itself,  a  black  powder  subsequently  separating. 

(c)  Silver  Test. — Add  ammonia  in  excess  to  a  little  strong 
solution  of  silver  nitrate,  then  boil  after  the  addition  of  the  grape 
sugar ;  the  silver  salt  will  be  reduced  and  form  a  mirror  in  the 
bottom  of  the  tube. 

Aldehyde  and  tartaric  acid,  however,  give  the  sam^e  reaction. 

(d)  Indigo  Carmin. — Add  some  sodic  or  potassic  carbonate 
to  a  dilute  grape-sugar  solution,  and  then  sufficient  solution  of 
indigo  carmin  to  impart  a  blue  coloration  ;  boil,  and  a  ye^lloiv 
colour  will  ultimately  make  its  appearance,  indigo  white  being 
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formed,  the  blue  changing  to  green  and  then  to  reddish  purple 
and  red.  The  blue  tint  may  be  restored  by  pouring  the  fluid 
into  a  small  flask  and  shaking  in  the  air  for  some  time,  but  the 
yellow  colour  soon  reappears. 

4.  Picric  Acid  Test. — Mix  with  the  sugar  solution  an  equal 
volume  of  a  saturated  solution  of  picric  acid,  and  heat  the  mix- 
ture gently  after  the  addition  of  a  few  drops  of  liquor  potassse  ; 
a  deep  red  hroiun  colour  gradually  appears. 

5.  Fermentation  Test. — This  is  one  of  the  most  satisfactory 
tests  for  sugar,  but  it  fails  if  only  slight  traces  (below  0*5  per 
cent.)  are  present. 

(a)  Fill  a  large  test  tube  with  a  dilute  solution  of  the  sugar, 
and  after  adding  a  little  dried  German  yeast,  or  some  fresh 
yeast,  invert  the  tube  over  some  more  of  the  same  solution  of 
sugar,  or  better  over  a  layer  of  mercury  in  a  small  evaporating 
dish,  closing  the  mouth  of  the  tube  with  the  finger  or  with  a 
pad  of  indiarubber  in  doing  so.  Lay  the  whole  aside  in  a 
warm  place  (about  25°)  for  24  hours.  The  sugar  will  undergo 
fermentation,  alcohol  and  carbonic  anhydride  being  formed,  the 
latter  accumulating  in  the  test  tube  and  displacing  the  fluid. 
To  identify  the  carbonic  acid  gas,  close  the  lower  end  of  the 
inverted  tube  with  the  thumb,  and  transfer  it  to  a  dish 
containing  water  ;  then  fill  a  small  test  tube  with  water,  and 
having  inverted  it  in  the  same  dish,  bring  the  mouth  of  the 
large  test  tube  under  that  of  the  small  one,  so  as  to  allow  a  little 
of  the  gas  to  escape  and  enter  it.  Test  the  carbonic  acid  gas 
thus  obtained  by  the  addition  of  clear  lime  water,  which  at  once 
becomes  milky  on  shaking  it  with  the  gas  from  the  formation  of 
carbonate ;  or  by  passing  a  piece  of  solid  caustic  potash  into  it 
when  over  mercury,  by  which  means  the  gas  will  be  absorbed. 

As  the  yeast  itself,  from  being  impure,  frequently  evolves 
carbonic  acid,  as  a  precaution  place  the  same  quantity  of  yeast 
in  another  test  tube  filled  with  water,  and  proceed  with  it  as 
with  the  solution  of  sugar. 

(6)  When  only  a  small  amount  of  sugar  is  present,  say  in 
urine,  the  test  may  be  thus  applied:  The  dilute  saccharine  solu- 
tion is  acidified  with  a  drop  of  acetic  acid  and  a  small  piece  of 
yeast  well  mixed  up  with  it ;  it  is  then  transferred  to  the  cylin- 
der a  in  the  adjoining  apparatus,  so  as  to  fill  it,  and  then  into 
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the   narrow  part  of  the  cylinder   h  some  mercury  is  poured. 
The  whole  is  set  aside  in  a  moderately  warm  place  (30"). 

In  a  few  hours  gas  is  disengaged  and  collects  in  the  upper 
part  of  a.     To  prove  it  to  be  carbonic  acid  fill  the  wide  part 
of  the  cylinder  c  with  caustic  potash ;  then  having  closed  the 
orifice   w4th   the    finger,    shake 
vigorously,   when    the   gas    will 
be  absorbed.     It-  is  advisable  to 
make  a  control  experiment  at  the 
same  time,  replacing  the  saccha- 
rine solution  or  urine  with  water. 

To  render  the  experiment 
conclusive  by  detecti7ig  the  'pre- 
sence of  alcohol,  which,  how- 
ever, is  unnecessary,  the  dilute 
saccharine  solution  should  be 
evaporated  to  half  its  volume 
before  adding  the  yeast,  and 
the  fermented  fluid  afterwards 
treated  with  benzoyl  chloride, 
which  causes  benzoic  ether  to  be 
evolved  (Berthelot).  Or  distil 
and  mix  the  distillate  with  a 
little  solution  of  iodine  in  potas- 
sic  iodide  ;  add  caustic  potash 
drop  by  drop  till  the  colour  dis- 
appears, when  it  is  to  be  laid 
aside  for  some  time  :  a  yellowish 

colour  appears  and  a  sediment  soon  forms,  showing  six-sided 
crystalline  tables  of  iodoform  under  the  microscope. 

(c)  Two  little  flasks  connected  together,  as  in  fig.  13,  can 
also  be  used.  One  (a)  is  half  filled  with  the  saccharine  fluid, 
2  or  3  drops  strong  solution  of  tartaric  acid  added  and  then  a 
piece  of  yeast.  The  gas,  when  generated,  passes  into  the  other 
flask  (b),  w^hich  is  half  filled  with  baryta  water,  by  which  it  is 
absorbed  and  baric  carbonate  formed.  Lay  the  apparatus  aside 
at  a  temperature  of  20°  to  25°. 

(cZ)  Fill  a  long  test  tube  with  solution  of  sugar  and  the 
yeast,  and  through  the  cork  closing  its  mouth  pass  a  narrow 

F   2 


Fig. 


).— Apparaius  for  Sugar  Fermex- 
TATiON  Test. 

This  is  to  be  recommended  when  the  amount 
of  sugar  present,  as  well  as  of  the  uruie 
or  other  fluid  containing  it,  is  small,  a, 
cylinder  into  which  the  fluid  is  to  be 
passed  by  moans  of  d,  the  whole  vessel 
being  inclined,  and  in  ■which  the  carbonic 
acid  gas  accumulates ;  6,  a  little  quick- 
silver at  the  narrow  communication 
between  a  and  c,  acting  as  a  valve,  and 
allowing  the  escape  of  the  fluid  from  a  to 
e  as  the  gas  is  generated. 
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glass  tube  to  the  bottom  of  the  test  tube.  Attached  to  the 
outer  end  of  the  narrow  glass  tube  is  a  piece  of  india  rubber 
tubing,  which  dips  into  a  small  flask.  Place  the  whole  in  a 
warm  chamber  at  35°.  The  carbonic  acid  generated  will  drive 
out  the  fluid  into  the  flask,  where  it  can  be  tested  for  alcohol  by 
one  of  the  delicate  methods  given  under  h,  or  by  boiling  it  with 
a  little  potassic  bichromate  and  sulphuric  acid,  when  a  green 
coloration  is  produced. 

The  Yeast  Groivtk. — During  the  process  of  fermentation  the 

yeast  grows  at  the  expense  of  the  sugar,  and  a  characteristic 

delicate  white  scum  accumulates  on  the  surface  of  the  liquid, 

which  on  microscopic  examination  will  be  seen   to  consist  of 

torula  stems  and  great  numbers  of  minute  oval  vesicles.    These 

granules,  or  torulce,  are  single  or  associated  in  clumps,  or  united 

^  end  to  end.      Each  granule  is  round  or 

®  ^  ®  o        ^  ^^^^  ^^^  transparent,  having  an  average 

^  ^  Q   ®  diameter  of  -3  Q^Q-^th  of  an  inch,  and  con- 

^  sisting  of  a  little  thin- walled  cell  filled  with 

ffe?    (^yj^  j^  a  semifluid  matter  or  protoplasm  in  which 


^        ^       a  clear  space  or  vacuole  is  generally  to 
®^      ®^         be  seen.      The  torul?G  are  living  bodies 
4     &>  ^^^^   under   favourable    conditions   grow 

and  multiply,  chiefly  by  a  ])rocess  of  bud- 
Fia.  io.-yeast  T011UL.E.  ding,  and  as  the  result  of  their  vitality 
*''  ^^tages  Gf'activity.  ^^'^"  the  scrics  of  fermentation  products  are 
manufactured  by  them  from  the  food 
substances  contained  in  the  fluid  in  which  they  float.  The 
presence  of  nitrogen,  phosphorus,  sulphur,  potassium,  and  mag- 
nesium in  some  of  their  combinations  appears  to  be  necessary  to 
their  growth,  their  development  being  an  essential  part  of  the 
fermentation  process,  the  cells  living  and  growing  at  the  expense 
of  the  sugar,  causing  it  to  break  up  into  simple  substances  by 
withdrawing  from  it  a  portion  of  the  material  necessary  for 
their  continued  sustenance.  Some  of  the  by-products  of  the 
fermentation  are  possibly  not  formed  by  the  splitting  up  of 
the  sugar,  but  are  the  result  of  some  secondary  action,  water 
probably  being  at  the  same  time  decomposed  into  its  elements 
and  nascent  hydrogen  playing  an  active  part. 

Itijluenci  of  Acids  on  the  Formation  and  Activit//  0/ Yeast. — So  far 
as  acids  are  concerned,  fermentation  is  aided  by  the  presence  of  sul- 
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phuric  acid  002  per  cent,  and  of  lactic  acid  01  to  0*2  per  cent., 
while  it  is  retarded  byi  the  presence  of  sulphuric  acid  0*2  per  cent., 
hydrochloric  acid  0*1  per  cent.,  phosphoric  acid  0*4  to  0*5  per  cent., 
and  lactic  acid  2*5  per  cent.  Fermentation  is  suppressed  by  sul- 
phuric acid  when  present  in  the  proportion  of  0*7  per  cent.,  hydro- 
chloric acid  0*5  per  cent.,  phosphoric  acid  1-3  per  cent.,  and  lactic 
acid  4-G  per  cent.  (Hayduck). 

6.  The  jpres'ence  of  sugar  in  normal  urine,  in  which  it 
exists  in  very  small  amount,  may  often  be  shown  by  the  follow- 
ing modification  of  Briiche's  method'.  200  to  300  c.c.  fresh 
urine  are  treated  with  excess  of  boiling  saturated  solution  of 
chloride  of  lead,  filtered,  and  the  filtrate  precipitated  with  am- 
monia ;  the  precipitate  is  collected,  washed,  suspended  in  water, 
and  decomposed  with  sulphuretted  hydrogen.  It  is  again 
filtered,  and  the  filtrate,  when  boiled  to  separate  the  excess  of 
hydric  sulphide,  will  give  with  Fehling's  solution  an  abundant 
deposit  of  the  cuprous  oxide. 

7.  Precipitation  by  Potash  and  Alcohol. —  By  this  process 
very  dilute  solutions  of  sugar  can  be  tested.  To  a  little  of  the 
dilute  solution  of  grape  sugar  add  4  times  its  volume  of  abso- 
lute alcohol,  filter  after  it  has  stood  aside  for  several  hours,  and 
pour  into  the  filtrate  a  little  alcoholic  (80  per  cent.)  solution  of 
potash ;  now  set  aside  for  a  couple  of  days,  when  a  deposit  con- 
sisting of  a  combination  of  the  potash  and  grape  sugar  occurs 
on  the  sides  of  the  vessel.  Drain  off  the  liquid,  dissolve 
the  deposit  in  a  little  water,  and  test  the  solution  by  any  of 
the  usual  reagents  ;  or  the  watery  solution  of  the  deposit  may 
be  neutralised  with  acetic  acid,  precipitated  with  acetate  of 
lead,  filtered,  the  lead  separated  by  means  of  hydric  sulphide, 
and  the  filtrate,  which  serves  for  the  sugar  tests,  partially 
evaporated. 

8.  In  the  case  of  blood,  chyle,  &c.,  evaporate  the  serum  to 
dryness  and  exhaust  the  residue  with  spirit :  evaporate  this  to 
dryness,  and  exhaust  the  residue  again  with  the  spirit,  which 
is  in  turn  to  be  evaporated  to  dryness  and  its  residue  dissolved 
in  water.  With  other  fluids,  or  watery  extracts  of  organs,  first 
exhaust  with  spirit,  evaporate  the  spirituous  extract,  dissolve 
the  residue  in  water,  add  to  this  watery  extract  2  or  3  drops  of 
acetic  acid,  and  evaporate  again ;  dissolve  this  last  residue  in 
water  and  apply  the  copper  test. 
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CHAPTER   XIII. 

QUANTITATIVE  BETERMINATION  OF  GRAPE  SUGAR. 

The  amount  of  sugar  present  in  a  solution  can  be  deter- 
mined:  (1)  by  the  polariscope,  (2)  by  Fehling's  solution,  (3) 
by  standard  cyanide  of  silver  solution  (Knapp),  (4)  by  standard 
silver  iodide  solution  (Sachsse),  (5)  by  the  amount  of  carbonic 
acid  gas  produced  in  the  fermentation  of  a  given  quantity,  and 
(6)  by  the  alteration  in  the  specific  gravity  effected  by  fermen- 
tation (Roberts). 

I.  By  Polarisation. — Before  describing  the  process  it  may  be  ad- 
visable to  ex{)lairi  the  principle  upon  which  it  is  founded.    When  a  ray 

of  common  light  passes  through  certain 
crystals  it  is  split  into  two  rays,  one  of 
which  undergoes  ordinary  refraction ; 
the  other  takes  a  new  or  extraordi- 
nary course,  and  is  said  to  be  polarised. 
Certain  doTibly  refracting  crystals  like 
Fig.  11.— Tourmaline  Platks.  tourmaline  tend  to  absorb  one  of  these 
a,  prisms  placed  one  behind  the  other      T&ys  {t\iQ  ordinary)  and  let  the  ea;^ra- 

witli   tlieir    loni'    axes    parallel  7 .  x/»     i  •      m 

(light  polarised  by  the  first  goes      Ordinary   ray   pass.      If   two    simdar 
"^ST^^r^^C^t^      P^^^tes  of  tourmaline  are  held  with  their 

S'iflpt'd'by  tt^secoifd!        ^^^^  V^''^^^^^  lig^^t  P'^««e«  through  both, 

and  complete  darkness  ensues).         but  if  they  are  turned  with  their  axes  at 

right  angles  the  light  is  almost  entirely 
stopped,  the  light  that  has  been  polarised  by  passing  through  the  first 
plate  not  being  able  to  make  its  way  through  the  second.  Nicol's 
prisms,  consisting  of  specially  cut  and  conjoined  prisms  of  Iceland 
spar,  act  like  the  tourmaline,  allowing  the  polarised  light  to  pass 
through  both  j)risms  except  when  they  are  crossed.  With  the  pola- 
riser  and  analyser,  as  these  prisms  are  named,  so  arranged  as  to  allow 
the  light  to  pass,  a  certain  degree  of  colour  will  be  observed,  which 
changes  in  tint  as  the  analyser  is  rotated.  If  now  there  be  placed 
between  the  two  prisms  thus  crossed,  so  as  to  stop  the  light,  a  plate 
of  rock  crystal  cut  at  right  angles  to  the  principal  axis,  it  will  be 
found  that  the  light  passes,  so  that  the  rock  crystal  must  have  caused 
a  certain  degree  of  circular  rotation  of  the  polarised  ray  in  its  pas- 
sage through  before  it   arrived   at    the    second    prism    or  analyser ; 
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indeed,  its  passage  through  the  latter  prism  can  be  interrupted  by 
turning  this  prism  round  to  a  certain  extent,  the  amount  of  rota- 
tion required  depending  on  the  thickness  of  the  rock  crystal  and 
on  the  colour  of  the  light  employed,  less  rotation  being  required 
with  red  than  with  the  other  primary  colours  towards  the  violet  end 
of  the  spectrum.  With  some  plates  the  rotation  is  towards  the  right 
hand,  and  with  others  towards  the  left.  This  kind  of  polarisation  is 
therefore  called  circular,  the  expression  rotatioii  towards  the  right  being 
applied  to  a  movement  in  the  direction  of  the  hands  of  a  watch  as 
seen  by  the  observer,  and  rotation  in  the  opposite  direction  termed 
left-handed. 

Solutions  of  many  organic  bodies,  such  as  cane  and  grape  sugar 
and  tartaric  acid,  tfec,  exhibit  aright-handed  rotation,  and  accordingly 
are  said  to  be  dextro-rotatory ;  while  others,  like  a  solution  of  albu- 
min, or  uncrystallised  sugar,  and  spirits  of  turpentine,  rotate  the  light 
towards  the  left  and  are  accordingly  named  levo-rotatory. 

Suppose  now  the  two  prisms  are  so  arranged  as  to  extinguish  the 
light  completely,  and  a  tube  filled  with  a  solution  of  grape  sugar  is 
interposed  between  them  ;  it  will  be  found  that  the  solution  acts  like 
the  rock  salt  in  partially  restoring  the  light.  On  rotating  the  analyser, 
or  prism  near  the  observer's  eye,  through  a  certain  angle  the  light  is 
again  extinguished,  and  it  will  be  seen  that  the  amount  of  rotation 
required  is  jointly  proportional  to  the  length  of  the  tube  holding  the 
sugar  and  to  the  strength  of  the  solution. 

As  the  amount  of  circular  polarisation  varies  with  the  body  as 
well  as  with  the  strength  of  its  solution,  the  method  can  be  employed 
in  determining  the  strength  of  such  solutions,  as  in  the  case  of  the 
saccharimeter  used  for  saccharine  solutions. 

There  are  different  forms  of  this  instrument,  but  they  correspond 
in  having  two  Nicol's  prisms  so  arranged  as  to  leave  a  space  between 
to  receive  the  tube  for  the  solution  of  sugar,  the  prism  through  which 
the  light  passes  before  entering  the  solution  being  named  the  polariser, 
and  the  other  the  analyser,  as  it  requires  the  one  to  produce  the 
polarisation  and  the  other  to  show  it.  The  prisms  are  first  crossed 
so  as  to  stop  the  light;  the  tube  with  the  sugar  is  then  inserted, 
when  it  will  be  noticed,  as  above  explained,  that  the  light  is  enabled 
to  pass.  It  is  then  necessary  to  rotate  one  of  the  prisms  through  a 
certain  angle  before  the  light  is  again  excluded,  and  this  angle  is 
measured  on  a  circular  graduated  disk,  the  prism  in  being  rotated 
carrying  an  .index  with  it,  which  moves  along  the  divisions  on  the 
disk.  The  difficulty  lies  in  determining  when  the  field  of  vision  is 
darkest,  and  several  additions  have  been  made  to  render  this  more 
accurate. 
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The  adjoining  diagram  will  illustrate  the  different  parts  of  the 
saccharimeter,  as  well  as  the  additions  referred  to. 

n  is  the  Nicol's  prism,  or  polariser,  upon  which  the  light  falls. 

5-  is  a  layer  of  quartz,  composed  of  two  halves  of  equal  thickness, 
one  dextro-  and  the  other  levo-rotatory,  their  line  of  junction  being  in 
the  axis  of  the  instrument. 

t  is  a  brass  tube  closed  at  its  extremities  with  glass,  to  be  filled 
with  the  saccharine  solution  to  be  tested. 

q'  is  another  plate  of  quartz,  levo-rotatory. 

c,  the  compensator,  consists  of  two  right-angled  prisms  of  dcxtro- 
j-otatory  quartz,  which  slide  one  on  the  other  by  means  of  a  rack  and 
pinion  movement,  so  that  the  thickness  of  the  combined  plate  can  be 
altered,  its  effect  of  course  increasing  in  proportion  to  the  overlapping 
of  the  plates,  and  thus  compensating  more  or  less  the  effect  produced 
by  the  levo-rotatory  quartz  plate  q'.  In  their  mean  po^^ition, 
marked  by  the  zero  of  the  scale,  their  thickness  exactly  equals  that  of 
the  plate  q',  and  accordingly  they  destroy  its  levo-rotatory  action. 

a  is  the  analyser. 


r^^ 


4 

i 

Fig.  12. — Diagram  of  a  Saccharimetkr. 


o  is  the  ocular,  consisting  of  two  lenses,  that  enable  the  observer 
to  see  distinctly  the  vertical  line  of  separation  between  the  two  halves 
of  the  double  quartz  plate. 

A  scale  and  vernier  are  attached  to  indicate  the  relative  position  .-^f 
the  parts  of  the  compensator,  the  zero  of  the  scale  corresponding  to  an 
exact  compensation  of  the  levo-rotatory  quartz ;  and  accordingly  when 
the  screw  is  moved,  so  as  to  increase  the  thickness  of  the  compensator, 
a  dextro-rotation  ensues,  the  contrary  effect  being  produced  by  moving 
the  screw  in  the  opposite  direction. 

When  the  analyser  is  looked  through  two  distinct  colours  will  be 
seen,  corresponding  to  each  of  the  two  halves  of. the  quartz  plate  q\ 
but  by  turning  the  analyser  on  its  axis  the  whole  field  can  be  made  to 
assume  the  same  tint.  If  now  the  tube  t  is  filled  with  a  solution  of 
sugar,  it  will  be  found  on  examination  that  the  previous  uniformity 
of  the  field  has  departed,  and  that  a  difference  of  colour  shows  itself, 
corresponding  to  the  two  halves  of  the  plate  q.  This  is  due  to 
the   sugar,  which  increases   the  action  of  the   dextro-rotatory  and 
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diminishes  that  of  the  levo-rotatory  segment — a  diflference,  however, 
tliat  can  be  removed  by  the  rotation  of  the  analyser  a,  or  more  deli- 
cately by  means  of  the  compensator.  From  the  amount  of  screwing 
the  compensator  requires,  which  is  read  off  on  the  scale  attached,  the 
percentage  of  sugar  is  determined ;  the  +  sign  prefixed  to  the  number 
indicates  right-handed  polarisation,  and  the  —  sign  left-handed. 

Different  saccharimeters  are  employed.  The  above  de- 
scription refers  more  particularly  to  the  construction  of  Soleil- 
Ventzke's  instrument,     Mitscherlich's  is  much  simpler. 

Saccharimetry. — Process  1.  If  me  use  a  Mitscherlich's  instrument 
with  a  double  quartz  plate  (like  q  in  the  above  diagram),  the  tube  is 
placed  horizontally  with  the  polariser  in  front  of  the  aperture  in  a 
cylinder  surrounding  a  luminous  flame  of  some  kind.  The  analyser 
is  then  moved  until  the  two  halves  of  the  visual  field  of  the  double 
plate  ofier  the  same  teinte  de  passage,  say  a  reddish  violet,  which  in  a 
good  instrument  is  generally  indicated  by  the  index  pointing  to  the 
zero  of  the  scale ;  a  central  vertical  black  line  indicating  the  crossed 
position  of  the  Nicol's  is  also  visible.  First  make  a  solution  of  the 
sugar  containing  one  gram  to  each  c.c,  and  completely  fill  the  tube 
between  the  prisms  with  this  solution.  Now  look  through  the  in- 
strument, and  it  will  be  found  that  the  two  halves  of  the  visual  field 
are  unequally  coloured.  Turn  the  analyser  to  the  right  or  left  until 
the  same  teinte  de  passage  is  obtained  as  before  the  insertion  of  the 
sugar,  and  note  on  the  scale  the  number  of  degrees  corresponding  to 
the  angle  of  rotation ;  this  gives  the  specifiG  rotation,  by  which  is 
meant  the  rotation  effected  by  a  solution  of  the  substance  containing 
one  gram  in  one  c.c.  of  liquid  when  contained  in  the  one-decimetre 
tube.  With  any  known  strength  of  solution  (which  should  be  concen- 
trated) the  specific  rotation  will  be  obtained  by  the  following  formula 
for  yellow  light : — 

_  a 
^ 7,  where  s:=specific  rotation. 

a;=rotation  observed. 

267:=  weight  of  the  substance  in  grams  contained  in  one 

c.c.  of  liquid. 
Z=the  length  of  the  tube. 

To  find  the  value  of  il\  the  formula  is  thus  modified  :  w=.  ,. 

In  the  case  of  diabetic  urine,  when  we  employ  a  tube  one  decimetre 
long,  the  degrees  of  the  scale  give  approximately  in  grams  the  per- 
centage richness  in  su^ar.     With  a  two -decimetre  tube  first  halve 
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the  number  of  degrees.     More  exactly  the  percentage  is  obtained  by 

,       P  ,  100  xr^ 

the   formula   x=  -      ^ — ,  where  x  is  the  percentage  sought,  a  the 

rotation  with  the  one-decimetre  tube,  and  56°  the  specific  rotatory 
power  of  grape  sugar. 

The  solution  of  sugar  should  be  clear,  or  at  least  not  present 
more  than  a  slight  yellow  tint ;  otherwise  the  excess  of  colour  must 
be  removed  by  filtration  through  animal  charcoal.  It  should  also  be 
free  from  polarising  bodies,  like  albumin,  ttc. 

2.  With  Ventzke-SoleiVs  saccharimeter,  arrange  the  instrument 
horizontally  before  the  source  of  light,  cutting  off  excess  as  before,  and 
the  movable  Nicol  is  turned  until  the  field  assumes  a  pale  rose  or 
violet  tint.  This  colour  serves  best  for  estimating  the  difference  of 
colour  in  the  two  halves  of  the  field  of  vision,  and  is  therefore  to  be 
preferred.  This  done,  the  eye-piece  of  the  small  telescope  is  to  be 
adjusted  so  as  to  enable  us  to  see  distinctly  the  line  separating  the 
two  halves  of  the  double  plate.  The  rack  of  the  compensator  is  next 
to  be  turned  one  way  or  other  till  we  render  the  two  halves  of  the 
field  perfectly  identical  in  tint.  Hepeat  this  operation  several  times, 
and  then  note  if  at  this  point  it  corresponds  to  the  zero  of  the  scale. 
If  not  a  correction  must  be  made  with  the  little  button  below  the 
fixed  Nicol,  by  means  of  which  the  latter  is  turned  a  little  to  one 
side  or  other  ;  but  this  is  rarely  required,  and  should  not  be  attempted 
by  the  ordinary  student.  At  the  zero  of  the  scale,  if  the  instrument 
is  correct,  the  dextro-rotatory  plates  of  the  compensator  are  of  such 
thickness  and  power  as  exact!}'  to  neutralise  the  levo-rotatory  power 
of  the  plate  of  quartz. 

When  working  with  an  accurate  instrument  we  may  proceed  at 
once  to  the  estimation  by  making  the  zero  of  the  vernier  coincide  with 
the  zero  of  the  upper  scale,  focussing,  and  colouring  the  field  of  vision 
of  a  rosy  tint.  The  instrument  is  well  arranged  if  the  two  halves  of 
the  field  continue  of  the  same  colour  however  the  movable  Nicol  is 
turned. 

The  clear  saccharine  solution  or  urine  is  then  carefully  poured 
into  one  of  the  tubes  for  the  purpose  so  as  to  fill  it  completely/,  and  it 
is  inserted  in  its  place  in  the  polariscope.  This  tube  should  be  kept 
very  clean,  before  each  determination  being  washed  out  with  a  little 
of  the  solution  to  be  tested,  and  after  the  experiment  with  distilled 
water.  Care  should  be  taken  to  exclude  air,  and  not  to  screw  up 
the  glass  plates  at  the  ends  of  the  tube  too  tightly. 

On  examination  the  coloration  of  the  double  plate  will  no  longer 
be  seen  to  be  uniform  ;  we  therefore  turn  the  rack  of  the  compensator 
to  the  right,  so  as  to  try  to  reproduce  the  two  halves  of  the  field  with 
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exactly  the  same  tinb.  The  movable  Nicol  may  also  be  moved,  if  this 
has  not  already  been  -iione,  so  as  to  secure  a  rose  or  other  tint  in 
which  the  observer  can  most  sharply  distinguish  the  least  difference 
of  colour  in  the  two  halves  of  the  double  plate  ;  and  when  we  have 
obtained  a  uniform  coloration,  say  of  a  rosy  tint,  the  movable  Nicol 
may  be  rotated  to  ascertain  if  the  uniformity  of  the  field  persists  with 
the  change  of  colour.  The  observations,  it  may  be  remarked,  should, 
for  the  sake  of  accuracy  in  the  judgment  of  minute  differences  of 
colour  by  the  eye,  be  made  as  rapidly  as  possible,  ten  seconds  at  a  time 
being  fully  sufficient. 

The  scale  of  the  compensator  is  then  read,  and  the  zero  of  the 
vernier  will  be  seen  to  the  right  of  the  zero  of  the  scale,  indicating  a 
dextro-rotatory  body.  The  compensator  is  generally  graduated,  so 
that  each  degree  of  its  scale  represents  1  gram  of  sugar  in  1 00  c.c.  of 
fluid  when  the  one-decimetre  tube  is  used  at  a  temperature  of  about 
17°;  that  is,  each  degree  corresponds  to  a  percentage.  When  the 
two-  or  half- decimetre  tube  is  employed,  the  number  of  degrees  must 
be  divided  by  the  length  of  the  tube. 

Briefly,  the  steps  may  be  thus  stated  :  The  lamp  is  arranged  so 
that  the  light  traverses  the  axis  of  the  instrument,  the  tube  first 
being  filled  with  pure  water ;  the  ocular  is  then  adjusted  so  that  the 
field  may  be  seen  divided  into  two  equal  halves,  of  the  same  or  dif- 
ferent tints  separated  by  a  sharply  defined  black  line.  If  the  two 
halves  are  of  different  .tints,  turn  the  horizontal  screw-head  one  way 
or  other  till  they  are  both  alike.  The  tint  most  sensitive  to  the 
observer's  eye  may  be  chosen.  The  zero  of  the  scale  ought  to  coincide 
with  the  black  line  of  the  indicator ;  if  not,  it  must  be  so  adjusted. 
Fill  the  tube  with  the  sugar  solution  and  examine ;  the  uniformity  of 
tint  of  the  two  halves  of  the  field  no  longer  exists.  This  is  re-established 
by  turning  the  horizontal  button;  and  the  original  tint,  which  the 
solution  has  generally  caused  to  disappear,  must  then  bo  lestored  by 
turning  the  milled  head. 

We  therefore  start  with  an  equal  or  similar  coloration  of  the  two 
halves  of  the  double  quartz  plate,  and  we  finish  with  the  same,  the 
number  of  degrees  through  which  the  compensatoi*  has  had  to  be 
moved  to  re-establish  this  giving  the  strength  of  the  saccharine  solu- 
tion.    The  observations  are  best  made  in  a  darkened  room.  - 

II.  Fehling's  Method  by  a  Standard  Copper  Solution. — This  is 
founded  on  the  property  possessed  by  grape  sugar  of  reducing 
cupric  oxide  (CuO),  when  present  in  alkaline  solutions,  to  the 
state  of  cuprous  oxide  (CU2O),  and  depends  on  the  fjict  that  a 
definite  mixture  of  cupric  sulphate,  potassic  tartrate,  and  caustic 
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soda  undergoes  no  change  on  boiling  unless  sugar  is  added. 
SoxHLET  and  others,  however,  have  shown  that  the  power  of 
grape  sugar  to  reduce  this  solution  is  not  constant,  but  varies 
somewhat  under  different  conditions. 

1  eq.  grape  sugar  (CgHj^Og— 180)  is  capable  of  reducing  the 
5  eq.  (397)  of  cupric  oxide  contained  in  5  eq.  of  crystallised 
cupric  sulphate  (CuSO,  + 5H20  =  249-5  x  5rz:  1247-5>  The 
most  convenient  strength  is  one  of  which  10  c.c.  fully  reduce 
0*05  gram  of  grape  sugar,  and  therefore  contain  0-34G4  gram 
cupric  sulphate. 

Pre2?aration  of  the  Solutions.  Standard  Co'piw.r  Solntion.  — • 
{(t)  Roughly  powder  some  pure  crystallised  cupric  sulphate,  and 
press  it  between  some  folds  of  dry  filter  paper;  weigh  34"G4  grams, 
and  dissolve  in  moderately  warm  water,  which  is  then  to  be  diluted 
up  to  500  c.c.  with  cold  water.     Preserve  in  a  stoppered  flask. 

{h)  Dissolve  173  grams  Rochelle  salts  in  pure  crystals  in  caustic 
soda  (sp.  gr.  1*34)  100  c.c,  and  dilute  with  water  to  500  c.c.  Preserve 
in  a  stoppered  bottle.  Air  must  be  carefully  excluded  from  both 
solutions,  the  tartaric  acid,  for  example,  in  solution  h  teudiug  to 
change  into  racemic  acid,  which  reduces  cupric  salts. 

For  use,  mix  equal  volumes  of  the  fluids  a  and  h]  on  shaking 
them  together  a  dark  "blue  fluid  is  obtained,  of  which  10  c.c. =0  05 
gram  sugar. 

A  Mohr's  burette  and  a  pipette  capable  of  delivering  10  c.c.  are 
required.  If  the  Fehling's  solution  has  been  prepared  for  some  time 
it  is  advisable  to  boil  a  little  of  it  and  then  lay  it  aside  for  half  an 
hour,  when,  if  it  gives  no  precipitate,  the  solution  will  serve  for  the 
analysis. 

Process. — The  solution  to  be  tested  should  not  contain  much 
sugar;  indeed,  it  must  not  much  exceed  0'5  ^jer  cent.',  accordingly 
strong  solutions,  and  most  diabetic  urines,  should  be  diluted  before 
being  tested.  With  diabetic  urine  of  high  specific  gravity  dilute  with 
10  or  20  times  its  volume  of  water.  Further,  if  the  solution  is  of  a 
very  dark  colour,  or  contains  extractives  that  might  interfere  with 
the  reaction,  it  is  advisable  first  to  boil  and  then  add  a  little  milk  of 
lime,  and  when  the  precipitate  has  settled  to  filter  through  animal 
charcoal  and  dilute  the  washings  to  a  definite  volume. 

Place  the  dilute  saccharine  solution  in  the  Mohr's  burette,  and 
having  transferred  10  c.c.  of  the  Fehling's  solution  to  a  deep  porcelain 
dish  (or  small  flask),  dilute  it  with  40  c.c.  w\ater.  Place  the  dish  over 
a  lamp  or  Bunsen  burner,  and  arrange  the  burette  a  little  above  it  on 
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a  stand.  Heat  the  diluted  Fehling's  solution,  and  when  it  is  beginning 
to  boil  allow  the  sugar  ^solution  to  flow  into  it  gradually;  the  red  sub- 
oxide is  thrown  down,  and  the  blue  colour  of  the  solution  gets  less  and 
less.  Boil  again  and  repeat  the  addition  of  the  sugar  solution  till  the 
blue  colour  has  disappeared,  which  is  best  observed  by  tilting  the  por- 
celain dish  from  time  to  time  after  the  precipitate  has  been  allowed  to 
subside  (or,  if  a  flask  has  been  used,  by  holding  it  before  a  window),  and 
causing  the  fluid  to  rotate  slowly  round  in  the  dish  or  flask.  When 
this  i)oint  has  be'en  reached,  to  ensure  accuracy  (especially  with  be- 
ginners) a  few  c.c.  of  the  hot  fluid  should  be  filtered  through  a  small 
thick  Swedish  filter,  the  filtrate  acidulated  with  acetic  acid,  and  a 
drop  of  potassic  ferrocyanide  added.  If  copper  is  present  a  brown 
colour  or  precipitate  is  formed.  In  this  case  more  of  the  sugar  solu- 
tion must  be  added  to  the  diluted  Fehling,  and  the  operation  com- 
pleted. 

It  is  always  advisable  to  make  a  second  experiment,  and,  guided 
by  the  indications  of  the  first,  to  proceed  more  rapidly,  as  the  precipi- 
tated suboxide  tends  to  reoxidise  quickly  and  redissolve;  and  if  com- 
paratively little  of  the  diluted  urine  was  required,  the  latter  may  be 
diluted  with  20  instead  of  10  times  its  volume  of  water;  while, 
on  the  other  hand,  if  but  little  sugar  is  present  the  dilution  should 
be  much  less,  or  even  no  dilution  made  at  all. 

Suppose  12 '5  c.c.  of  the  diluted  urine  reduced   10  c.c.  Fehling's 

solution  (=0"05  gram  sugar),  then  the  percentage  of  sugar= ^ 

5 
=         — 0"41G;  and,  as  the  saccharine  solution  or  urine  has   been 
12'5 

diluted  ten  times  its  volume,  0'41G  X  10  =  4-16  per  cent. ;  or  if  it  has 
been  diluted  20  times,  then  0-416  x  20=8-32  per  cent. 

The  results  obtained,  according  to  Worm  Muller,  and  Hagen, 
are  ,\,  per  cent,  too  high. 

The  presence  of  alcohol,  chloral,  and  bonzoate  of  soda  in  the  urine 
interferes  with  the  accuracy  of  the  process. 

Separation  of  Albumin. — With  milk  or  albuminous  saccharine 
urine  acidulate  100  c.c.  or  so  with  acetic  or  hydrochloric  acid,  boil 
for  some  minutes,  filter,  wash  the  precipitate,  and  make  up  the  filtrate 
to  the  original  volume. 

Before  Fehling's  process  can  be  applied  to  the  determination  of 
cane  sugar,  this  body  must  first  be  converted  into  grape  sugar  by 
heating  some  40  c.c.  of  its  solution  20  minutes  or  so  with  40  drops  of 
dilute  hydrochloric  or  sulphuric  acid  (1  :  5),  taking  care  not  to  char 
the  sugar,  and  to  replace  the  water  that  has  evaporated ;  then  neutra- 
lise with  carbonate  of  soda  or  lime,  filter,  and  dilute  with  water. 
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To  convert  starch  into  grape  sugar,  to  enable  it  to  be  thus  estimated, 
1  gi'am  or  so  of  it  should  be  made  into  a  miicikge  with  40  c.c.  of  cold 
water,  and  heated  with  40  c.c.  of  one  of  the  above  dilute  acids ;  but 
the  boiling  requires  to  be  continued  8  to  10  hours  before  the  conver- 
sion into  grape  sugar  is  completed  (3CgH,o05  +  H20=C6Hj206 
+  2C6H1UO5  (dextrin). 

95  parts  of  cane  sugar  or  90  parts  of  starch  represent  100  parts 
of  grape  sugar. 

III.  Knapp's  Method  by  Mercuric  Cyanide  depends  on  the 
reduction  of  an  alkaline  mercuric  cyanide  solution  by  the  sugar, 
metallic  mercury  being  deposited,  and  100  parts  anhydrous 
grape  sugar  being  equivalent  to  400  parts  mercuric  cyanide. 

Dissolve  pure  and  dry  mercuric  cyanide  10  grams  in  water,  add 
caustic  soda  (sp.  gr.  1-14)  100  c.c,  and  make  up  to  a  litre.  40  c.c. 
correspond  to  0*1  gram  grape  sugar.  The  solution  keeps  well,  and  foi 
this  and  other  reasons  its  use  is  advocated  by  some  authorities. 

Process. — Boil  40  c.c.  in  a  beaker  or  small  flask,  and  allow  the 
urine  or  sugar  solution,  diluted  to  about  0  5  per  cent.,  to  flow  in 
gradually  from  a  Mohr's  burette,  as  in  the  previous  process,  with  con- 
tinued heating.  The  reduced  mercury  sinks  slowly.  To  ascertain 
the  end  of  the  reaction  remove  a  drop  of  the  clear  fluid  fi'om  time  to 
time  with  a  capillary  tube,  and  place  it  on  a  piece  of  very  flue  filter 
paper ;  expose  this  spot  on  the  filter  paper  first  to  the  vapour  of 
hydrochloric  acid  and  then  to  that  of  sulphuretted  hydrogen ;  or  it 
may  be  exposed  to  the  vapour  of  ammonic  sulphide  for  half  a  minute 
or  so  by  bringing  a  drop  down  upon  filter  paper  tied  over  a  small 
beaker  containing  some  strong  ammonic  sulj)hide.  So  long  as  excels 
of  unreduced  mercuric  salt  is  present  the  entire  spot  becomes  brown, 
and  as  less  and  less  is  present  only  the  margin  is  coloured,  and  finjdly, 
when  it  is  all  reduced,  the  spot  remains  transparent.  Only  the 
coloration  of  i\\Q  fresh  spot  is  to  be  taken  as  the  indicator. 

It  is  advisable  to  dilute  the  mercuric  solution,  and  to  add  the 
sugar  solution  in  successive  portions;  rapidity  is  also  necessary,  as  the 
deposited  mercury  redissolves  (Mlller  and  Hagen). 

The  results  are  not  more  accurate  than  those  obtained  by  Fehling's 
process,  but  the  standard  solution  is  easier  to  prepare  and  keeps  better. 


lY.  Sachsse's  Method.- 

— 

Mercuric  iodide 
Potassic       „ 
Caustic  potash  . 
Water 

40  c.c.  = 

=  0-15 

18  grams 
.         .         .         .          85      „ 

80      „ 
to  1,000  c.c. 
giam  grape  sugar. 
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Proceed  as  in  Knapp's  process.  The  end  of  the  reaction  is  noted  by 
means  of  a  solution  of  .stannous  chloride  supersaturated  with  caustic 
soda.  Some  drops  of  this  solution  are  placed  on  a  small  porcelain 
dish  and  treated  with  drops  of  the  mixture  ;  so  long  as  the  mercuric 
salt  is  present  in  excess  a  brown  colour  or  a  grey  precipitate  appears. 

V.  The  Fermentation  Process. — This,  as  we  have  already 
seen,  is  applied  to  the  peculiar  decomposition  that  most  of  the 
carbohydrates  of  the  composition  CgH^gOg  undergo,  in  dilute 
aqueous  solutions,  under  the  influence  of  beer  yeast.  It  con- 
sists mainly  in  the  resolution  of  the  sugar  into  ethyl  alcohol 
and  carbonic  anhydride,  about  95  per  cent,  of  the  sugar  appear- 
ing to  undergo  this  change.  The  fermentation  occurs  most 
readily  between  20°  and  40°,  best  probably  about  35°,  ceasing  at 
0°  and  being  retarded  by  reduction  of  pressure.  CgHjaOg 
=  2C2HgO  +  2CO2 ;  that  is,  1  molecule  grape  sugar  (180  by 
weight)  gives  2  molecules  carbonic  anhydride  (88  by  weight),  or 
100  002  =  204*54  sugar.  The  estimation  may  be  made  either 
from  the  loss  in  weight  of  the  apparatus,  owing  to  the  evolu- 
tion of  the  gas,  or  to  the  gain  in  weight  of  an  absorption  tube 
containing  caustic  potash  connected  with  the  escape  pipe. 


Two  small  flasks  are  connected  together  as  in  the  diagram 
a  20  c.c.  of  the  sugar  solution  or  diabetic 
urine  are  poured,  then  some  drops  of  a 
solution  of  tartaric  acid,  and  a  piece  of 
well-washed  yeast  added,  and  h  half 
filled  with  strong  sulphuric  acid.  Now 
weigh  the  apparatus  and  lay  it  aside 
in  a  warm  place  (20°  to  24°),  and  after  48 
hours  weigh  again,  having  first  heated 
a  to  about  60°,  drawn  air  through,  and 
allowed  the  whole  to  cool.  The  loss  ia 
weight  X  of  or  2*045 =the  grape  sugar. 

Experiment. — 
Flask  and  saccharine  urine 

Flask 

Urine 

The  apparatus  before  fermentation . 
The  apparatus  after  fermentation  . 
Carbonic  acid  .....         0"787 


Into 


Grams 
58-54 
23-.S2 
35-22 
134820 
134-033 


Fkj.   13. — Apparatus   for   Asceu- 

TAINI.NG    THE    QUANTnTT  OF    CAK- 

BoxiG  Acid    from  the  Loss   ix 
Weight. 

Inta  a  is  introduced  the  saccliariiie 
solution,  together  with  some  drops 
of  a  tartaric  acid  solution,  and  then 
a  piece  of  yeast ;  b  contains  a  little 
strojig  sulphuric  acid,  into  which 
the  evolved  carbonic  acid  jiasses 
through  c  from  a,  and  escapes  by  e. 


As  48-89  CO2  correspond  to  100  sugar,  therefore  0-787= 1-609  sugar. 
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Accordingly  the  35 '22  grams  of  urine  contain  1-609  gram  sugar,  or 
1,000  contain  45 -08  grams.  The  same  result  can  be  obtained  more 
readily  by  multiplying  the  loss  in  weight  by  2'045,  as  0*787  x  2  045 
=  1-609  sugar. 

By  connecting  with  the  exit  tube  of  S  a  weighed  Liebig's  bulb 
apparatus  containing  caustic  potash  (sp.  gr.  1'27)  the  dried  carbonic 
anhydride  escaping  will  be  absorbed  and  give  rise  to  an  inciease  in 
weight.  As  an  additional  precaution  that  the  escaping  gas  should 
be  thoroughly  dry  before  entering  the  potash  bulbs,  it  may  be  passed 
through  a  drying  tube  filled  with  calcic  chloride  or  pumice  stone  and 
sulphuric  acid. 

Each  gram  or  fraction  of  a  gram  of  increased  weight  is  equal  to 
twice  the  same  amount  of  sugar,  or  more  correctly  to  the  increase  in 
weight  X  2-045. 

VI .  Estimation  from  Loss  of  Specific  Gravity  in  Fermenta- 
tion,    Differential  Density  Method  (Eoj^Eirrs). 

Process. — Take  accurately  the  specific  gravity  of  the  fluid,  and  in 
doing  so  it  is  better,  as  Dr.  Robeiits  advises,  to  use  two  urinometers 
with  very  long  stems,  one  ranging  from  995  to  1,025  and  the  other 
from  1,025  to  1,055.  The  temperature  of  the  liquid  should  also  be 
taken,  and  filtration  performed  if  necessary.  Place  about  4  oz.  (0-56 
litre)  of  this  fluid  in  a  12-oz.  flask  or  bottle;  add  to  it  a  lump  of 
washed  yeast  the  size  of  a  small  walnut ;  then  lay  it  aside,  having 
stopped  the  mouth  with  a  nicked  cork  so  as  to  allow  the  gas  to  escape. 
After  24  hours  in  a  warm  place  allow  the  scum  to  subside  and  take 
the  specific  gravity  of  the  decanted  liquid.  It  is  often  more  convenient 
to  place  a  tightly-corked  4-oz.  bottle  filled  with  the  same  solution  or 
urine,  but  without  any  yeast,  beside  the  specimen  containing  the 
yeast.  After  about  18  hours  the  two  bottles  can  be  removed  to  a 
cool  place  for  2  or  3  hours,  and  their  densities  then  taken.  In  this 
way  any  error  as  to  the  effect  of  difierence  of  temperature  on  the 
density  can  bo  avoided.  The  number  of  degrees  of  density  lost  indi- 
cates the  number  of  grains  of  sugar  per  oz. ;  and  the  percentage  is 
obtained  by  multiplying  the  degrees  of  density  lost  by  0  23.  Thus  in 
a  urine  whose  density  before  fermentation  was  1,053,  and  afterwards 
1,004,  the  degrees  of  density  lost=49,  and  accordingly  49  grains  of 
sugar  are  present  per  oz.,  or  49  x  0-23=11*27  per  cent. 

Manassein  gives  0-219  as  the  multiplier  instead  of  0-23,  and  con- 
siders that  for  practical  purposes  the  method  may  be  regarded  as  very 
nearly  exact.  Eeckoning,  then,  each  degree  of  density  lost  as  =0219 
per  cent,  of  sugar,  niid  taking  the  density  to  be  1,029  before  and 
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1,005  after  fermentation,  the  difference  24  x  0'219  =  5-26  grams=tlie 
percentage  of  sugar  present. 

VII.  YoGEL  has  also  proposed  a  method  for  the  approximative  de- 
termination, depending  on  the  intensity  of  coloration  produced  by 
boiling  the  solution  to  be  tested  with  caustic  potash.  A  standard  of 
comparison  is  obtained  by  boiUng  a  definite  weight  of  pure  and  dry 
grape  sugar  with  an  excess  of  caustic  potash.  Dr.  Garrod  uses  a 
strong  solution  of  carbonate  of  potash  instead  of  the  caustic  potash. 
And  Dr.  George  Johnson  has  devised  a  quantitative  method  depend- 
ing on  the  depth  of  tint  yielded  when  the  saccharine  solution  is  boiled 
with  liquor  potassse  and  a  saturated  solution  of  picric  acid,  as  compared 
with  the  tint  of  a  standard  of  comparison  (see  under  Diabetic  Urine). 


CHAPTER   XIV. 

INOSIT. 

INOSIT,  C6Hi30gH-2H20.— This  saccharine  body  is  met 
with  in  the  muscle  substance  of  the  heart,  and  in  most  of  the 
organs  of  the  body,  as  the  brain,  liver,  spleen,  lungs,  kidneys, 
vtc. ;  it  has  been  separated  from  horse's  flesh,  the  blood  of  the 
ox,  and  the  fluid  of  hydatid  tumours ;  traces  of  it  exist  also  in 
mosijb  diabetic  urines,  and  it  has  been  noticed  in  a  few  cases  of 
diabetes  completely  or  partially  to  replace  the  grape  sugar,  and 
in  about  17  per  cent,  to  accompany  the  grape  sugar;  further, 
it  has  been  found  occurring  in  some  8  per  cent,  of  the  cases  of 
Bright's  disease,  and  it  has  been  detected  even  in  healthy  urine 
(CLOiiTTA,  KuLz),  especially  after  abundant  ingestion  of  water 
or  the  use  of  diuretics. 

Preparation.  1.  From  the  Juice  or  the  Watery  Extract  of  Muscle. — 
First  coagulate  the  albumin  by  boiling  the  fluid  after  the  addition  of 
acetic  acid ;  then  add  baryta  water  to  the  filtrate  to  precipitate  the 
phosphates ;  filter,  and  throw  down  excess  of  baryta  w*ith  dilute  sul- 
phuric acid ;  concentrate  the  filtrate,  which  causes  kreatin  to  crystal- 
lise out.  Next  treat  the  hot  decanted  liquid  with  four  times  its 
volume  of  boiling  alcohol,  and  if  an  abundant  preci^ntate  is  formed, 
but  adhering  to  the  sides  of  the  vessel,  decant  ofi*  the  spirit ;  while  if 
the  precipitate  does  not  settle  readily  filter  the  hot  liquid  through  a 
hot  fannel,  and  leave  the  filtrate  to  cool.  In  24  hours  a  crystalline 
deposit  has  formed ;  decjint  and  filter  the  supernatant  liquor ;  then 
wash  the  collected  crystals  with  a  little  cold  alcohol,  dissolve  them  in 

Q 
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a  little  boiling  water,  cand  reprecipitate  with  alcohol.  If  no  i)i-ecipi- 
tate  appears  on  the  addition  of  the  excess  of  boiling  alcohol,  ether  is 
to  be  added  until  it  appears,  and  after  the  mixture  has  been  well 
stirred  the  whole  laid  aside  to  crystallise. 

Or,  after  separating  the  albumin,  treat  the  filtrate  with  neutral 
lead  acetate,  and  warm  the  filtrate  from  this  with  basic  lead  acetate ; 
collect  the  precipitate  after  twelve  hours  and  having  washed  it  sus- 
pend it  in  water,  and  decompose  with  sulphuretted  hydrogen.  The 
concentrated  filtrate  will  yield  inosit  on  concentration,  particularly 
after  the  addition  of  alcohol. 

2.  From  Urine  containing  it. — Use  several  litres  of  weakly  acid 
urine,  and  proceed  as  with  the  juice  of  muscle,  adding  neutral  and 
then  basic  acetate  of  lead.  After  the  precipitate  with  the  last  has  stood 
twenty.four  hours,  decompose  it  as  before  with  hydric  sulphide,  filter, 
and  after  standing  some  time  decant  the  clear  liquid  from  the  pre- 
cipitated uric  acid  into  a  porcelain  capsule,  where  it  is  to  be  evapo- 
rated to  a  syrup  and  then  precipitated  with  absolute  alcohol.  The 
precipitate  is  to  be  dissolved  in  hot  water,  and  three  to  four  times 
the  volume  of  the  latter  of  alcohol  (90  per  cent.)  added ;  ether  is  next 
poured  in  until  a  turbidity  is  produced,  and  then  the  mixture  is  left 
for  the  inosit  to  crystallise  out. 

3.  It  is  readily  prepared  from  French  beans.  A  watery  extract 
is  made,  which  is  evaporated  down  to  a  syrup  and  then  precipitated 
with  alcohol ;  the  precipitate  is  dissolved  in  water,  and  the  inosit 
allowed  to  separate  by  crystallisation  (Voiil). 

Properties. — Forms  large,  colourless,  efflorescent,  monoclinic 
tables,    or   fine   clinorhombic    prisms,    generally    grouped    in 

rosettes.  From  its  solution  in  boil- 
ing spirit  it  crystallises  in  brilliant 
little  lamellae  somewhat  like  those 
of  cholesterin.  It  has  a  sweet 
taste,  and  is  easily  soluble  in  water, 
but  insoluble  in  absolute  alcohol 
^    \^/'       w\  ^"^^  ether. 

Fm.  i4.-CRYST.Ls  OP  ixosrr.  ^'^^^n    compared    with     other 

sugars  many  of  its  properties  are 
negative,  thus :  it  is  not  decomposed  by  caustic  alkalies  or 
by  weak  acids  ;  it  has  no  polarising  action  on  light,  neither 
does  it  ferment  nor  reduce  metallic  oxides  ;  it  gives  no  change 
of  colour  when  boiled  with  caustic  potash,  and  no  reduction  of 
copper  with  caustic  potash  and  cupric  sulphate.     Althougli  in- 


capable  of  alcoholic  fermentation  it  undergoes  lactose  fermenta- 
tion when  in  contact  with  putrid  cheese  or  decaying  animal 
tissues  and  chalk,  yielding  fermentation  or  sarcolactic(HiLGER), 
butyric,  and  carbonic  acids. 

It  is  precipitated  from  its  solutions  by  basic  lead  acetate 
and  ammonia. 

Tests. — 1.  Evaporate  a  little  of  its  solution  containing  a  few 
drops  of  nitric  acid  nearly  to  dryness  on  a  platinum  dish  ;  treat 
the  residue  with  a  little  ammonia  and  calcium  chloride,  and 
evaporate  to  dryness  at  a  gentle  heat :  a  bright  rosy  red  or 
violet  colour  is  produced  (Scherer).  The  reaction  is  delicate, 
but  it  only  succeeds  with  pure  solutions. 

2.  Add  a  drop  of  silver  nitrate  to  a  solution  of  the  inosit  in 
a  porcelain  dish,  and  a  yellow  precipitate  is  formed.  Spread 
this  out  carefully  on  the  sides  of  the  dish  and  heat  gently, 
when  it  will  become  dark  red  or  rose-coloured  ;  on  cooling  the 
colour  disappears.  Albumin,  tyrosin,  and  sugar  must  be  absent 
(Gallois). 


CHAPTER   XV. 

FATS.^ 

Constitution,'- — Fat  is  generally  a  mixture  of  the  neutral 
fots  stearin,  palmitin,  and  olein,  the  two  former  of  which,  being 
solid  at  ordinary  temperatures,  are  held  in  solution  by  the  olein 
at  the  temperature  of  the  body.  These  fats,  as  we  have  seen 
in  a  previous  chapter,  are  derivatives  of  the  triatomic  alcohol 
glycerin,  and  may  be  regarded  as  organic  salts  of  glyceryl, 
glycerides,  or,  as  they  are  termed,  compound  or  glycerin  ethers 
of  palmitin,  stearin,  and  olein,  in  which  the  hydrogen  atoms 
of  the  glycerin  are  Replaced  by  an  equivalent  of  the  acid  radical. 
In  the  fat  stored  up  in  or  about  the  internal  organs  as  well  as 
in  the  fat  of  marrow  there  is  not  so  much  olein  as  in  the  sub- 
cutaneous fat. 

In  the  infant  body  the  fatty  tissues  are  firm  and  hard,  and 
the  fat  forms  a  homogeneous,  white,  solid  mass,  melting  at  45° ; 
it  contains  more  stearic  and  palmitic  acids  and  less  oleic  acid 
than  adidt  iat. 

G  2 
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Oleic       acid 
Palmitic    „ 
Stearic      „ 


In "ant 

Adult 

67  75 

89-80 

28  1)7 

8-16 

3  28 

281 (Langer) 

Traces  of  free  fatty  acids  have  also  been  found  in  human 
fat  by  HoFMANN,  and  as  to  vegetable  fats  KoNiG  and  Eecke 
conclude,  from  their  glycerol  determinations,  that  they  consist 
essentially  of  free  fatty  acids. 

Adipose  tissue  is  made  up  of  little  rounded  or  polygonal  cells 
filled  with  fat.  These  cells  generally  lie  in  groups,  and  are  al- 
ways in  close  relationship  with  the  blood  vessels.  The  fat  in  the 
cell  is  not  solid  during  life,  and  the  radiated  fine  crystalline 
needles  or  thin  plates  occasionally  present  are  most  probably 
post  mortem  in  their  appearance.  These  crystals  used  to  be 
described  as  m^argarin,  but  they  are  really  a  combination  of 
stearin  and  palmitin.  The  fat  may  also  be  found  in  a  state  of 
solution,  fine  subdivision,  or  admixture  with  other  tissues  or 
fluids  throughout  the  body. 

PALMITIN,  C;}H5(C,(5H3i02)3,  is  more  abundant  than  stearin  in 
human  fat,  and  is  the  chief  component  of  most  animal  fats,  although 
it  also  occurs  largely  in  vegetable  fats.  It  is  more  soluble  than  stearin 
in  alcohol  and  ether,  but  it  is  only  slightly  soluble  in  cold  alcohol. 
It  crystallises  in  fine  needles,  and  three  points  of  fusion  are  ascribed 
to  it,  46°,  61°,  and  62-8°  (Duffy). 

It  is  readily  2)rej)ared  by  digesting  palm  oil  repeatedly  with 
alcohol,  dissolving  up  the  residue  in  ether,  and  repeatedly  crystallising 
therefrom. 

STEARIN,  03X15(0,  sH3,02)3,  is  the  hardest  fat  of  the  body,  and 
also  the  least  soluble  or  fusible.  It  is  nearly  insoluble  in  cold  ether, 
and,  owing  to  this  property,  it  is  possible  to  obtain  pure  stearin  from 
Buet,  in  which  it  is  ;djundant,  by  filtering  the  melted  suet  ami 
extracting  it  repeatedly  with  cold  ether  before  dissolving  in  hot 
otiier,  from  which  it  crystallises  out,  on  cooling,  in  little  mother-of- 
pearldike  leaflets.  Although  never  found  in  vegetable  fat  it  occurs 
in  most  animal  fats  to  a  greater  or  less  extent.  It  crystjillises  from 
its  boiling  alcoholic  solutions  in  brilliant  quadrangular  plates.  Stearin 
melts  at  63°  to  66°,  according  to  Heintz  there  being  two  points  of 
fusion,  55°  and  71-6°;  but  the  melting  point  varies  considerably, 
being  affected  by  the  application  of  a  high  temperatuie  ;  and  it  is 
probable  there  are  three  isomeric  modifications  of  it,  each  with  its 
own  melting  point,  52°,  63°,  and  ^Q°. 
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OLEIN,  03X15(0  igH;j302)3,  is  a  fluid,  colourless  oil  that  becomes 
yellowish  when  expose'd  to  the  air,  and  is  the  fluid  constituent  of 
most  natural  fats  and  fixed  oils,  dissolving  palmitin  and  stearin  in 
great  quantity.  It  is  more  abundant  in  vegetable  than  in  animal 
fats,  and  according  to  some  authorities  it  exists  in  smaller  proportion 
in  human  fat  than  is  generally  stated.  It  can  easily  be  obtained 
from  olive  oil,  from  which  the  palmitin  has  already  been  in  great 
part  separated  by  cooling  the  oil  down  to  0°,  then  dissolving  the 
fluid  residue  in  alcohol  and  cooling  once  again  to  0°,  when  the 
rest  of  the  palmitin  crystallises  out ;  now  dilute  the  alcoholic  filtrate 
with  water,  and  the  triolein  will  separate. 

General  Properties. — The  fatty  bodies  are  in  part  liquid  and  in 
part  crystalline  at  ordinary  temperatures  ;  they  are  insoluble  in  water 
and  cold  alcohol,  but  readily  soluble  in  boiling  alcohol,  also  in  ether, 
chloroform,  benzol,  bisulphide  of  carbon,  and  the  essential  oils ;  they 
are  slightly  soluble  in  solutions  of  soaps,  albumins,  and  biliary 
acids.  Dropped  on  paper  they  render  it  transparent,  especially  when 
heated.  They  are  readily  decomposed  by  superheated  steam  under  a 
high  pressure,  also  by  the  action  of  boiling  caustic  alkalies,  as  soda  or 
potash,  being  saponified,  as  it  is  termed,  and  with  ammonia  forming 
ammonia  soaps  or  liniments ;  the  oxides  of  the  heavy  metals  likewise 
decompose  them  in  a  similar  way,  with  the  formation  of  plasters. 
When  strongly  heated  they  disengage  a  characteristic  penetrating 
odour,  very  irritating  to  the  mucous  membrane  of  the  nope  and  eyes, 
and  due  to  the  formation  of  acrolein,  and  at  a  red  heat  they  evolve  a 
mixture  of  gases,  the  chief  of  which  are  carbonic  oxide,  hydrogen, 
marsh  gas,  and  olefiaht  gas.  They  decompose  slowly  in  contact  with 
the  air  and  become  rancid.  In  the  process  of  digestion  they  are 
subjected  to  the  processes  of  saponification  and  emulsion.  In  the 
latter  the  fat  is  broken  up  into  fine  drops,  each  of  which  is  invested 
with  a  thin  albuminous  coating,  and  thus  maintained  apart.  The 
phosphate  of  soda  present  in  bile  is  regarded  by  Thudichum  as  in- 
fluential in  the  production  of  the  emulsion  in  digestion. 

Origin  and  Source  of  the  Fats  in  the  Organism. — Part  of  the 

fats  is  absorbed  as  such  in  the  intestine,  and  enters  the  capilla- 
ries in  the  form  of  scarcely  saponified  glycerides,  that  are  sub- 
sequently transformed  into  alkaline  soaps.  But  they  also  arise  in 
the  body  at  the  expense  of  the  albuminoids.  It  seems  doubtful 
whether  any  of  the  fat  is  derived  directly  from  the  sugar  ab- 
sorbed, though  this  is  asserted  ;  but  it  is  probable  that  the 
accumulation  of  fats  occurring  on  a  mixed  diet  rich  in  sugar  is 


86  NUTRITION  AND  FOODS. 

due  not  to  the  conversion  of  tlie  sugar  into  fat,  but  rather  to  the 
protection  thus  afforded  against  the  oxidation  of  the  fats. 
That,  however,  a  large  proportion  of  the  fat  of  fattened  animals 
is  not  derived  from  ingested  fat,  but  directly  or  indirectly  from 
the  carbohydrates  as  well  as  the  nitrogenous  elements  of  the 
food,  particularly  when  the  latter  are  in  excess,  seems  most 
probable,  and  there  is  no  doubt  but  that  a  combination  of  nitro- 
genous food  and  saline  matter,  together  with  carbohydrates, 
conduces  most  to  the  production  of  fat  in  the  organism. 

From  experiments  upon  geese  B.  Schulze  concludes  that, 
as  the  fat  formed  was  some  20  per  cent,  in  excess  of  what  could 
be  produced  by  the  conversion  of  the  nitrogenous  matter  of  the 
food,  the  carbohydrates,  under  certain  conditions,  play  a  distinct 
part  in  the  formation  of  fat  in  the  carnivora  and  herbivora. 

When  a  proteid  is  broken  up  we  know  that  one  of  its  deri- 
vatives is  urea,  100  grams  of  this  body  containing  as  much 
nitrogen  as  300  grams  of  the  proteid ;  but  in  addition  to 
this  there  is  a  large  excess  of  carbon,  &c.,  to  be  disposed  of, 
and  it  is  probable  that  this,  or  part  of  it,  may  go  to  the  forma- 
tion of  fat  if  not  immediately  required  by  the  organism. 
Thus  VoiT  reckoned  that  100  parts  albumin  furnish  33*45 
parts  urea  and  40*08  parts  fat,  while  Henneberg  gives  it  as 
51*39  per  cent,  fat,  33  4  per  cent,  urea,  and  27*4  per  cent,  car- 
bonic anhydride.  According  to  Rurner,  for  every  43*3  grams 
fat  100  grams  nitrogenous  matter  have  been  destroyed. 

The  assigned  sources  are  therefore  :  1 .  The  fat  of  the  food 
absorbed  as  such,  although  this  accounts  for  but  a  small  pro- 
portion of  the  stored  up  fats,  some  authorities  even  being  of 
opinion  that  all  the  fat  taken  in  the  food  is  directly  disposed 
of.  2.  Some  is  also  derived  from  the  carbohydrates,  a  partial 
conversion  of  which  into  fats  occurs  in  the  butyric  acid  fer- 
mentation in  the  intestine.  3.  But  the  great  source  seems  to 
be  found  in  the  proteids,  although  an  exclusively  proteid  diet, 
from  the  increased  activity  of  the  organic  processes,  does  not 
tend  to  cause  an  accumulation  of  fat,  rather,  indeed,  the  contrary ; 
but  it  has  at  least  been  satisfactorily  proved  that  fat  may  be 
derived  exclusively  from  this  source. 

It  should  also  be  remembered  that  the  constitution  of  the 
fat  of  the  body  does  not  appear  to  be  modified  by  the  nature  of 
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the  food  ;  for  if  an  animal  is  starved,  and  then  largely  fed  on 
palmitin,  olein,  and  lean  meat,  yet  stearin  will  still  make  its 
appearance  in  the  body  fat  (Subbotin). 

Destination  of  the  Dig^ested  Fats. — The  fats  that  are  not 
stored  up,  or  taken  up  by  the  tissues  requiring  them,  disappear 
probably  by  direct  oxidation,  being  ultimately  transformed  into 
water  and  carbonic  acid,  and  evolving  much  heat  in  the 
process. 

Distribution  of  Fat  in  the  Body. — Fat  is  one  of  the  most 
fluctuating  constituents  of  the  organism.  In  the  normal  con- 
dition it  is  pretty  generally  distributed  throughout  the  body, 
and  it  frequently  makes  its  appearance  as  a  degeneration  pro- 
duct of  many  of  the  tissues.  Besides  being  enclosed  in  the 
cells  of  adipose  tissue,  over  83  per  cent,  of  which  consists  of  fat, 
it  is  also  found  free,  being  met  with  in  this  conditiDu  in  the 
chyle,  blood,  lymph,  milk,  &c.  Its  proportions  in  some  of  the 
tissues  is  indicated  in  the  following  table :  — 


Yellow  marrow  of  bones 

Adipose  tissue 

Brain  (Fremy) 

Muscle  (BiBEA)     . 

Chjie  (LiEBiG) 

Healthj'  liver  (Boudet 

Bone 

Cartiilage 

Blood  (Lecanu)    . 

Lymph   . 


Per  cent. 
960 
82-7 
.      5-80 
.  1  •5-4-24 
.      2-2-18 
1-77 
1-4 
I-B 
.    0-5-0-16 
.  0-26-0-05 


Tests  for  the  Presence  of  Fats  or  Fatty  Acids. — 1.  Wash  out  a 
beaker  or  wine  glass  very  carefully  with  caustic  potash,  and  then 
with  some  boiling  alcohol  or  with  ether,  and  afterwards  rinse  it 
thoronghly  with  water ;  now  place  it  in  a  shallow  saucer,  and  fill  the 
beaker  or  wine  glass  to  overflowing  with  distilled  water.  A  small 
bit  of  camphor,  detached  from  the  middle  of  a  freshly  broken  lump 
with  the  point  of  a  knife,  which  has  been  washed  in  ether,  is  next 
placed  on  the  surface  of  the  water,  when  it  will  be  i5een  to  rotate  and 
move  rapidly  about — a  movement,  however,  that  will  immediately 
cease  when  the  slightest  trace  of  oil  or  fat  is  brought  in  contact  with 
it  or  wdth  the  surface  of  the  water. 

2.  The  presence  of  a  free  fatty  aci<]  is  sliown  by  warming  the 
solution  containing  it  with  a  little  rosanilin  hydrochloiide  solution, 
when  a  dark  red  to  a  reddish  black  colour  makes  its  appearance. 
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Detection  of  Fat  in  a  Mixture. — When  only  a  small  amount  of 
fat  is  present  in  a  mixture  it  is  best  to  evaporate  it  nearly  to  dryness 
on  a  water  bath,  and  to  digest  the  residue  with  a  little  warm  ether. 
The  ethereal  solution  is  evaporated,  when  the  ftit  will  be  deposited, 
and  if  this  is  done  on  a  glass  slide  very  minute  traces  may  be  dis- 
covered under  the  microscope,  and  the  particles  may  be  seen  to  be 
immiscible  with  water,  and  to  break  up  into  minute  globules  when 
rubbed  with  a  drop  of  hot  water,  also  to  dissolve  in  warm  caustic 
potash,  and  to  produce  acrolein  at  a  high  temperature. 

In  the  case  of  solids  dry  them  thoroughly,  reduce  them  to  powder 
if  possible,  and  then  exhaust  with  ether  as  above  ;  filter  the  ethereal 
extract  into  a  flask,  and  having  added  to  the  filtrate  some  caustic 
soda  shake  well.  Any  free  fatty  acids  are  converted  into  salts  of 
soda,  which  dissolve  in  water,  while  the  neutral  fat  remains  dissolved 
in  the  supernatant  ether.  Decant  the  latter  with  a  pipette  and  warm 
the  watery  solution  on  a  water  bath ;  then  supersaturate  with  hydro- 
chloric acid,  which  precipitates  the  fatty  acids.  Dissolve  up  the 
precipitate  in  alcohol,  and  treat  the  solution  with  an  alcoholic  solution 
of  neutral  acetate  of  lead.  The  precipitate  digested  with  boiling 
ether  gives  up  oleate  of  lead,  while  the  palmitate  and  stearate  remain 
undissolved;  but  the  residue,  when  decomposed  with  hydrochloric 
acid  and  treated  with  boiling  alcohol,  yields  free  palmitic  and  stearic 
acids. 

Determination  and  Separation  of  Fat. — The  tissue,  finely  divided, 
is  exhausted  with  boiling  ether,  and  the  ethereal  solution  is  evaporated 
to  dryness  in  a  tared  capsule,  whose  increase  in  weight  gives  the 
total  fat.  Dreschel's  apparatus  is  very  convenient  for  this  pur- 
pose. The  upper  flask,  which  is  fitted  to  the  lower  one,  is  in  con  • 
nection  with  a  Liebig's  condenser,  and  contains  on  a  fluted  filter  the 
finely  divided  solid  from  which  the  fat  is  to  be  extracted.  In  the 
lower  flask  is  the  ether,  whose  vapours  are  condensed  in  the  Liebig's 
apparatus,  and  in  their  way  back  pass  through  the  upper  flask.  A 
constant  circulation  is  thus  maintained,  and  the  dissolved  fats  gradu- 
ally accumulate  in  the  lower  flask. 
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CHAPTER   XVI. 

PROTEIDS   on  ALBUMINOIDS. 


It  has  been  proposed  to  define  proteids  to  be  nitrogenised 
colloids,  which  by  hydration  split  up  into  amidated  acids,  car- 
bonic acid,  and  ammonia  (Grimaux).  These  bodies,  which 
chiefly  include  the  albumins,  are  the  most  essential  to  any 
dietary.  When  assimilated  they  are  gradually  decomposed 
into  simpler  compounds,  that  are  burnt  up  in  the  economy, 
passing  through  a  series  of  transformations,  of  which  the  final 
products  are  water,  carbonic  anhydride,  and  urea. 

Where  found. — These  bodies  form  the  important  solid  con- 
stituents of  the  blood,  nerve,  muscle,  glands,  and  organs  gene- 
rally of  the  body  ;  they  also  constitute  more  than  half  the  solids 
of  the  grey  matter  of  the  nerve  centres,  and  about  a  fourth  of 
the  solids  of  the  white  matter  of  the  same  :  they  form,  in  fact, 
in  combination  with  much  water,  and  associated  with  certain 
acids,  bases,  and  salts,  the  chief  mass  of  the  animal  tissues.  In 
all  protoplasms  there  appears  to  exist  a  vitellin-  as  well  as  a 
myosin-like  body  (Rovida). 

In  the  normal  state  such  fluids  as  urine,  bile,  and  tears 
should  be  devoid  of  them. 

The  albumins  seem  to  exist  in  a  special  state  of  hydration, 
apt  to  be  modified  very  rapidly  and  unceasingly  under  the  in- 
fluence of  variations  in  the  salts  dissolved  in  the  different  fluids 
of  the  economy  (GtAUTIEr). 

General  Characters. — These  albuminous  bodies  are  white, 
flaky,  or  granular,  and  mostly  amorphous,  and  accordingly  diffi- 
cult to  obtain  pure  ;  they  are  colloidal — that  is,  they  are  not 
diffusible  through  parchment  paper,  and  their  aqueous  solutions 
polarise  to  the  left,  the  amount,  except  in  the  case  of  peptones, 
being  altered  by  heat.  Proteid  crystals  have  been  met  with  in 
white  of  egg,  semen,  and  in  seeds  of  plants,  &c.,  and  it  is  also 
possible  under  certain  circumstances  to  cause  proteids  to  crys- 
tallise (Dreschel).  Some  of  these  albuminoids  are  soluble  and 
others  insoluble  in  water;  they  are  soluble  also  in  mineral  acids 
and  the  caustic  alkalies,  but  are  almost  insoluble  in  alcohol  nnd 
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ether.  They  can  all  become  insoluble,  either  spontaneously,  as 
fibrin  and  myosin,  or  after  the  action  of  heat,  as  er/g  aT]d  sernm- 
albuTnin,  or  under  the  influence  of  weak  acids,  as  casein. 
They  also  all  yield  an  apparently  identical  substance,  syntonin, 
which  is  soluble  in  water  containing  acid  or  alkali,  but  insoluble 
in  neutral  liquids  ;  and  under  the  influence  of  gastric  juice 
they  are  capable  of  generating  peptones— bodies  that  are 
readily  assimilable  and  liighly  nutritious. 

When  heated  they  do  not  volatilise,  but  when  burnt  they 
give  off  empyreumatic  products  having  the  odour  of  burnt 
horn ;  they  likewise  putrefy  rapidly  when  exposed  to  the  air>. 
Their  solutions  polarise  to  the  left,  the  amount  being  altered 
by  heat. 

Composition,  Constitution,  and  Formulae  of  Different  Albu- 
mins.— Analyses  of  albumins  indicate  such  a  percentage  com- 
position as  the  following  (Wurtz)  : — 

C 52-7  to  54-5 

H 6-9  „     7-3 

N  15-4  „  17-0 

O 2()-0  „  23-5 

S 0-8  „     2-2 

Crystalline  albumin  from  hemp  seed  and  ricinus  seed  gave 
the  accompanying  nearly  identical  numbers  (Kitthausen)  : — 


Hemp 

Ricinus 

Per  cent. 

Per  cent. 

c     .        .        . 

.      50-98 

50-88 

H     .        .         . 

.       6-92 

G-98 

N      .        .        . 

.     18-73 

18-58 

0      .         .         . 

.     22-55 

22-79 

s      .        .        . 

.       0-82 

0-77 

Albumins  also  contain  normally  a  small  proportion  of  lime, 
that  can  only  be  obtained  by  incineration  and  is  not  removable 
by  acids. 

According  to  Schutzenberger,  albumin  is  a  complex  ureide — a 
derivative  of  urea  and  oxamid,  and  containing  lih  its  nitrogen  in  the 
form  of  urea — and  possibly  it  may  be  regarded  as  a  comi)lex  combina- 
tion containing  amidated  acids  united  to  an  acid  rr  (C.,H7N0.i)  minus 
the  elements  of  water.  It  decomposes  into  ammonia,  carbonic  anhy- 
dride, oxalic  and  acetic  acids,  and  a  nitrogenous  i-esidue  from  wliich 
the  amidated  acids,  etc.,  are  derived.  Liebig  and  Geriiardt  con- 
sidered albuminoid  bodies  to  be  isomeric — that  is,  of  the  same  com- 
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position,  but  differing  in  their  molecular  arrangements — wLile  EiscH- 
WALD  regarded  them  as  formed  of  one  and  the  same  substance,  modi- 
fied by  combining  with  colloids  and  crystalloids. 

As  to  formulcG,  they  are  untrustworthy  and  purely  empirical. 
LiEBERKiJHN  assigns  albumin  the  formula  CygttuoN  1^0228,  to  its 
monatomic  metallic  combinations  C72H,iiR']Sri8S022,  and  its  dia- 
tomic Ci44H222l^"J^36^2^44»  ^  Indicating  the  metal.  Loew  gives  it 
as 

Co 


^72^108^18^22^?  while  ScniJTZENBERGER  raiscs  the  numbers  to 


'72^-^108^^  18^22 
311392^6507583. 


The  percentage  composition  of  some  of  these  proteids  is  given  in 
the  subjoined  list : — 


C 

^^ 

N 

0 

s 

Authority 

Albumin  (of  egg) 

52-9 

7-2 

15-6 

23-9 

0-4 

WuETz  and  Mulder 

Gluten 

o3-o 

7-5 

14-6 

24-4 



RiTTHAUSEN 

Syntonin  (of  muscle) 

54-06 

7-28 

1605 

21-5 

1-11 

LlEBIG 

Casein  (of  milk) 

53-5 

7-1 

15-8 

22-7 

0-9 

DUMAS,  Verdeil 

Fibrin  (of  blood) 

52-7 

7-0 

16-6 

22-2 

1-5 

Dumas,  Bulling 

Vitellin  (of  yolk) 

52-3 

7-3 

15-1 

24-1 

1-2 

GOBLEY 

Haemoglobin 

53-85 

7-3 

16-17 

22-3 

0-39 

Fe  =  0-43,HOPPESEY- 

LER 

Combinations. — Albumin  forms  a  series  of  definite  combin- 
ations with  acids,  as  C72Hi,2Njg022S  +  2HCi  and  C^gHjjgNjgOgaS 
+  H2SO4.  Loew  describes  a  series  of  combinations  with  nitric 
acid,  &c.,  of  which  the  trinitro-albumin  is  an  example : 
C„H,„,,(N0,)3N„S0,,. 

It  also  combines  with  bases,  as  C72H,,2NjgS02oH-K20 ;  but 
it  must  be  confessed  that  the  true  constitution  and  molecular 
weight  of  such  bodies  are  as  yet  only  imperfectly  known. 

Derivatives. — Almost  all  proteids  furnish  certain  derivative 
amides,  named  leucin  and  tyrosin.  When  100  parts  of  a  dry 
proteid  are  boiled  for  several  hours  with  an  excess  of  sulphuric 
acid  diluted  with  one  and  a  half  time  its  weight  of  water, 
leucin  and  tyrosin  will  be  furnished  in  the  following  propor- 
tions : 


Leucin 

Tyrosiu 

Albumin  of  egg 

.      10 

1     . 

Sjmtonin  of  muscle 

.      18 

1 

Fibrin  of  blood 

.     14 

0-8 

Horn        .... 

.     10 

3-6 

Elastic  tissue  . 

.     36-45 

0-25 

Other  important  derivatives  are  glycocin  (O2H5NO2),  aspar- 
tic  acid  (C^H.NOJ,  and  glutamic  acid  (C..H9NO4).   All  proteids, 
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when  boiled  with  dilute  sulphuric  or  hydrochloric  acid  and  a 
little  stannous  chloride,  are  exactly  resolved  into  aspartic  and 
ghitamic  acids,  leucin,  tyrosin,  and  ammonia,  and  may  there- 
fore be  regarded  as  formed  by  the  combination  of  these  bodies 
with  elimination  of  water  (HLASiWETZ.and  Habermann). 

As  the  result  of  their  final  oxidation  in  the  body  albumins 

yield    water,   carbonic  anhydride   (CO^),  and  urea  (COp^yrO. 

What  the  intermediate  products  may  be  we  do  not  yet  know, 
though  we  are  familiar  with  some  of  them,  such  as  leucin  and 
tyrosin,  as  well  as  such  carbohydrates  as  glycogen  (CgHjoOr,), 
and  fats.  The  term  metabolism,  it  may  be  said,  is  applied  to 
such  a  series  of  chemical  transformations  as  a  body  like  albumin 
undergoes  in  its  passage  through  the  organism. 

When  heated  with  water  and  bromine  under  pressure,  albu- 
min furnishes  bromanilin  (1*5  per  cent.)  and  tribromacetic 
acid  (22  per  cent.),  both  secondary  tyrosin  products  ;  also  bromo- 
form  (30  per  cent.),  oxalic  acid  (12  per  cent.),  aspartic  acid 
(23*8  per  cent.),  and  leucin  (22*6  per  cent.),  &c.  &c. 

On  exposure  to  the  air  these  albuminoids  putrefy  readily, 
fine  granulations  developing  in  their  interior,  which  change  into 
vibrios,  oxygen  at  the  same  time  being  absorbed,  carbonic  anhy- 
dride, nitrogen,  hydrogen,  sulphuretted  hydrogen,  ammonia,  &c., 
being  disengaged,  and  a  series  of  simple  bodies,  such  as  leucin, 
fatty  acids,  and  tyrosin,  being  formed.  As  Pasteur  has  shown, 
these  little  organisms,  which  are  the  excitants  of  all  fermentative 
and  putrefactive  processes,  are  derived  from  the  air,  and  require 
a  certain  supply  of  oxygen  for  their  development :  accordingly, 
if  they  are  excluded,  destroyed,  or  deprived  of  the  supply  of 
oxygen  necessary  for  the  manifestation  of  their  properties,  then 
even  such  ;in  unstable  body  as  albumin  may  be  long  preserved 
unchanged.  The  most  important  fermentation  of  albuminoid 
matter  is  occasioned  by  bacterium  ternio,  and  it  is  this  bacte- 
rium that  induces  the  decay  of  all  organic  matter  (Marp- 
mann). 

Stated  generally,  we  may  thus  sum  up  some  of  the  albumin 
derivatives  :  albuminates,  by  the  action  of  acids  and  alkaUes  ;  coagu- 
lated albumin,  by  boiUng  its  solutions  or  by  the  prolonged  action  of 
alcohol;  iici^ton,  \>y  the  action  of  pepsin  in  presence  of  a  dilute  aeid^ 
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which,  when  trypsin  and  a  dilute  alkali  are  used  instead  of  the  acid 
pepsin,  partly  splits  up*  into  leiicin  and  tyrosin.  When  a  mixture  of 
albumin  and  pancreas  is  allowed  to  decompose,  indol,  skafol,  2)^i''^nolj 
butyric  and  valerianic  acids,  leucin  and  tyrosin  appear.  Early  in  the 
decomposition,  before  indol  shows  itself,  hypoxanthin  is  formed. 

Most  of  the  immediate  decomposition  products  of  albumin,  then, 
are  amides,  or  bodies  that  may  be  regarded  as  derivatives  of  one  or 
more  molecules  of-  an  ammoiiiacal  salt :  thus  we  have  glycocin  and 
leucin  ;  amides  with  aromatic  radicals,  as  tyrosin ;  and  sulphamides, 
like  cystin  ;  as  well  as  acids  and  aldehydes  corresponding  to  the  pre- 
ceding amides.  Sometimes  the  derivative  contains  sulphur  in  place 
of  one  of  the  other  elements.     In  taurin  or  isethionamide  the  sulphur 

is  combined  with  oxygen,  SO2  ]  -nAt  ^         ')  while  in  cystin  it  replaces 

rOH 

the  oxygen  and  saturates  the  carbon,  (C3H3S)'"  \  OH  . 

iNH2 
Certain  proteid  derivatives,  such  as  protagon  and  lecithin,  contain 
phosphorus,  this  element  playing  the  same  part  as  in  phosphoric  acid 
/  fOH\ 

I  H3P0.i=P0   j  OH  I      Glycero-phosphoric  acid,  for  example,  one  of 

the  decomposition  products  of  protagon  and  lecithin,  may  be  thus 

OH 
expressed  :  PO  OH 

0[C3H,^0H),].  _ 
a.  Amo7ij   these  decomposition  j^^'oducts  at   least  three    aromatic 
groups  are  present : — 

1.  The  j^henol  f/roic])— tyrosin,  the  aromatic  oxyacids,  phenol,  and 
kresol.  The  tyrosin  does  not  appear  as  such  in  normal  urine,  but  its 
decomposition  products  present  themselves. 

2.  The  phenyl  group,  as  phenylacetic  and  phenylpropionic  acids. 
The  latter  is  oxidised  to  the  state  of  benzoic  acid,  and  appears  in  the 
urine  as  hippuric  acid  (Salkowski). 

3.  The  indol  group,  as  indol  and  skatol.  In  an  oxidised  form, 
and  combined  with  sulphuric  acid,  these  two  bodies  appear  as  indican 
and  skatoxylsulphate. 

ft.  As  well  as  a  group  belonging  to  the  fatty  series,  and  including 
such  bodies  as  leucin,  aspartic  acid,  and  hypoxanthin. 

Origin,  Destination,  and  Theories  as  to  the  Terminal  Products 
of  the  Decomposition  of  Albumin. — Under  the  influence  of  the 
solar  rays  plants  decompose  the  carbonic  anhydride  in  the 
atmosphere,  evolving  the  resulting  oxygen  and  fixing  the  car- 
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bon.  A  series  of  otliev  reactions  also  occur  in  the  plant  in 
which  higher  and  more  complicated  bodies  are  formed  at  the 
expense  of  simpler  bodies,  such  as  water,  ammonia,  and  the  like. 
While  we  may  theorise  as  to  the  general  nature  and  direction 
of  these  reactions  we  are  as  yet  ignorant  as  to  their  exact  cha- 
racter or  their  order  of  succession.  But,  as  their  result,  in  the 
laboratory  of  the  plant  from  simple  bodies  spring  bodies  of  more 
complex  constitution,  until  we  arrive  at  the  albumins,  in  which 
is  stored  up  the  great  amount  of  energy  expended  in  their  elabo- 
ration. 

These  vegetable  albumins  are  subjected  to  certain  changes 
in  the  stomachs  of  the  animals  feeding  upon  them,  by  which 
somewhat  simpler  bodies,  capable  of  dialysis,  are  formed.  To 
these  so-called  jpeptonesliiiwi:  gives  the  composition  0=15*34, 
H=7-25,  Nn=16-18,  S  =  2-12,  0  and  P  =  23-ll,  which  would 
seem  to  indicate  that  a  substance  of  the  nature  of  leucin  had 
been  separated. 

When  absorbed  as  peptones  or  albuminates,  and  thus  introduced 
into  the  blood,  probably  some  combination  occurs  between  these  bodies 
and  the  alkalies  and  salts  of  the  j^lasma,  and  in  this  condition  possibly 
the  tissues  requiring  albumin  are  nourished.  Some  of  the  absorbed 
substance  unites  with  new  elements  to  form  haemoglobin,  but  the 
greater  part  undergoes  retrograde  metamoiphosis,  passing  from  a 
complex  condition  to  a  series  of  simple  combinations,  and  evolving  its 
energy  in  doing  so.  Fats,  glycogen,  mucin,  and  the  collagens  gene- 
rally probably  result  from  some  df  these  alterations.  Early  deriva- 
tives are  possibly  asparagin  and  kreatin,  bodies  that  are  closely  allied  : 

Asparagin C^HgNgOj 

Kreatin C.HgNgOa. 

Guanidin  also  has  been  obtained  as  an  oxidation  product  (Lossen). 
The  different  changes  are  gradual  and  progressive.  This  is  well  seen 
in  the  bodies  sarkin,  xanthin,  and  uric  acid,  which  afford  a  marked 
example  of  this  successive  oxidation  : 

Sarkin C^H.N.O 

Xanthin CjH^N.O^ 

Uric  acid CaH^NiOg. 

The  sarkin,  which  is  one  of  the  higher  albuminoid  derivatives,  in 
being  oxidised  gives  rise  in  succession  to  xanthin  and  uric  acid ;  and 
we  may  trace  the  decomposition  still  further,  as  shown  in  these 
reactions  : — 
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CJJ  .N.Oa  +  n.O  +  O  -  C.HeN.O.,  +  CO2 
(Uric  5«id)  (Allaiitoiii) 

C^HgN.Os  +  2H,0  +  0  =  C2H2O4  +  2C0N,H, 
(Allantoin)  (Oxalic  aciil)  (Urea) 

C,H,0^+0  -      =2C02  +  H20 

(Oxalic  acid) 

From  sarkin  we  thus  come  by  gradual  stages  to  its  final  decom- 
position products, -urea,  carbonic  acid,  and  water. 

Kreatin,  xanthin,  hypoxanthin,  and  the  biliary  acids  are  all  gene- 
rally regarded  as  decomposition  products  of  the  albumins ;  but  as  to 
the  kreatin,  which  is  so  generally  distributed  through  the  organism, 
being  a  direct  predecessor  of  urea,  there  is  still  some  doubt. 

According  to  Schultzen  and  Nencki,  albumin  is  decomposed 
into  certain  bodies  belonging  to  the  amido-acid  series  which  pass  into 
urea,  while  the  non-nitrogenous  part  of  the  albumin  may  pass  into 
the  fatty  series.  They  were  further  of  opinion,  in  which  they  are 
supported  by  Hoppe  Seyler  and  Salkowski,  that  in  the  passage  from 
albumin  to  urea  cyanamid  is  probably  formed.  Under  the  influence 
of  strong  acids  and  alkalies  albumin  gives  rise  to  leucin  (amido- 
caproic  acid,  CfjHjaNOg),  aspartic  acid  (amido-succinic  acid,  C.JH7NO4 
or  C2H3(NH2)(CO.OH)2),  tyrosin,  CgHnNOa,  and  glycocin  (amido- 
acetic  acid,  CoHgNO^).  Somewhat  similar  substances  are  obtained 
by  the  prolonged  action  of  trypsin  on  albumin  or  gelatin. 

Schmiedeberg  is  of  opinion  that  the  nitrogen  of  the  albumin 
passes  out  as  ammonic  carbonate,  and  that  this,  by  the  removal  of 
water,  forms  urea.  Danilewsky  has  obtained  a  crystalline  compound 
having  the  composition  C21H26N2O8  on  subjecting  peptone,  Qg^  albu- 
min, &c.,  to  the  continued  action  of  pancreas  ferment.  In  its  chemi- 
cal reactions  it  partakes  of  the  properties  of  both  tyrosin  and  inosit, 
but  it  has  a  less  stability  than  either  of  these  bodies. 

Dreschel  supports  the  view  that  the  amido-acids  pass  over  into 
carbamic  acid,  two  molecules  of  which  form  urea  : 

2C0|;;«==C0l^f4  +  C0,.H,0. 

Traces  of  this  carbamic  acid  he  discovered  in  the  blood.  Salts  of 
carbamic  acid,  he  also  finds,  are  formed  by  the  oxidation  of  glycocin ; 
and  he  considers  it  probable  that  ammonic  carbonate  is  the  immediate 
source  of  urea  by  the  removal  of  the  elements  of  water.  In  dogs,  for 
example,  it  has  been  shown  that  ammonic  carbonate  and  acetate  are 
converted  into  urea  (Hallervorden  and  Yoit).  In  the  formation 
of  urea  from  albuminoids  Dreschel  concludes  that  these  bodies  are 
first  resolved  into  glycocin,  tyrosin,  leucin,  <kc.,  and  that  these  in  turn 
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are  oxidised   into  carbamates,  that  are  finally  converted  into  urea 
under  the  influence,  possibly,  of  some  ferment. 

According  to  Cazeneuve,  the  proportions  existing  among  the 
amounts  of  uric  acid,  urea,  and  ammonia,  excreted  by  birds,  are  not 
influenced  by  an  increase  or  decrease  of  oxidation,  but  he  finds  that  the 
total  amount  excreted  varies  with  the  quantity  of  nourishment  taken ; 
from  which  it  might  be  concluded  that  the  albuminoid  matters  in  the 
system  undergo  a  decomposition  depending  on  hydration  rather  than 
on  oxidation. 


CHAPTER   XVII. 
THE  PROTEIN  REACTIONS  AND  ALBUMIN  TESTS. 

THE  PROTEIN  REACTIONS.— Protein  was  a  hypothetical 
radical  supposed  by  Mulder  to  exist  in  all  albuminoid  principles ; 
and  as  the  three  following  tests  apply  to  all  such  bodies,  they 
received  their  designation  accordingly. 

1.  A  blue  or  violet  coloration  is  obtained  by  adding  to  the 
albmninoid  in  solution  a  few  drops  of  sulphate  of  copper  solu- 
tion, and  then  an  excess  of  caustic  soda.  The  violet  colour 
deepens  on  boiling,  but  no  other  change  is  produced.  The 
same  result  is  had  by  the  addition  of  a  few  drops  of  Fehling's 
solution.  In  the  case  of  a  solid  albuminoid,  touch  it  succes- 
sively with  the  sulphate  of  copper  and  the  caustic  soda,  and 
then  wash  the  touched  surface,  when  it  will  be  found  to  be 
stained  of  a  violet  colour.  The  coloration  can  also  be  well 
shown  by  shaking,  say,  a  piece  of  fibrin,  in  some  very  dilute 
solution  of  cupric  sulphate,  when  the  latter  will  become  colour- 
less, the  fibrin  taking  a  greenish  tint,  which,  however,  becomes 
violet  when  the  fibrin  is  shaken  up  with  some  caustic  alkali 
like  lime,  or  baryta  water,  or  caustic  potash. 

2.  The  xanthoproteic  reaction,  or  yelloiv  coloration,  got 
by  the  action  of  strong  boiling  nitric  acid,  which  is  changed  to 
an  orange  or  amber-red  colour  by  the  addition  of  ammonia  to 
the  liquid  when  cold. 

3.  A  rose  or  red  coloration  by  heating  with  Millon's  re- 
agent, which  is  changed  to  an  orange  by  caustic  potash.  Unless 
the  solution  is  very  dilute  a  red  precipitate  iippears. 


THE  PROTEIN  REACTIONS  AND  ALBUMIN   TESTS.    97 

Preparation  of  an  Albumin  Solution  for  Testing.— Take  several 
eggs,  and  having  made  a  small  hole  in  each  end,  allow  the  white  to 
escape  into  a  dish,  taking  care  to  let  none  of  the  yolk  escape.  With 
a  pair  of  scissors  cut  up  the  albuminous  fluid  thus  collected,  so  as  to 
divide  freely  the  network  of  fine  membranes  in  which  the  albumin  is 
enclosed;  next  stir  up  the  mass  rapidly  with  twice  its  volume  of 
water,  and  strain  through  a  linen  cloth. 

The  albumin  thus  obtained  will  serve  for  testing ;  but  if  it  is 
required  j^ure,  then  the  following  method  may  be  adopted  :  Shake  it 
well  in  a  flask,  skim  ofl"  the  white  froth,  and  express  through  a  linen 
cloth ;  add  dilute  acetic  acid  to  the  filtrate  so  long  as  any  precipitate 
is  formed,  and  filter  first  through  a  piece  of  fine  muslin  and  then 
tlirough  filter  paper,  making  use  of  a  series  of  small  filters  under  a 
bell  jar  that  is  kept  charged  with  carbonic  acid  gas.  Then  dialyse 
the  filtrate  for  a  couple  of  days,  renewing  the  outside  water  frequently ; 
dilute  the  contents  of  the  dialyser  with  three  times  their  volume  of 
water,  pass  a  current  of  carbonic  acid  through  the  mixture,  and  filter 
if  necessary.  But  for  ordinary  analytical  purposes  the  dialysis  may 
be  left  undone,  and  the  filtrate  merely  neutralised  carefully  and  con- 
centrated somewhat  at  a  temperature  not  higher  than  40°. 

To  jwejmre  a^t^ioji  of  serum  albumin,  which  is  the  most  fre- 
quent form  pres^^^ftalbuminous  urine,  if  the  latter  fluid  cannot  be 
obtaina^then  to^Pmm  of  blood  or  hydrocele  fluid  add  very  dilute 
acetic  alR  with  constant  stirring  till  a  flocculent  precipitate  is  ob- 
tained ;  filter  and  nearly  neutralise  the  filtrate  with  a  dilute  solution 
of  sodic  carbonate ;  evaporate  to  a  small  bulk  about  40°,  then  dialyse 
for  several  hours  to  separate  the  salts,  and  evaporate  to  dryness  at 
40°.     A  solution  of  this  will  serve  the  purpose. 

Allliough  some  observers  are  disposed  to  regard  serum  and 
egg  albumin  as  almost  identical,  yet  there  are  really  some  differ- 
ences, which  will  be  referred  to  before  the  general  tests  for 
albumin  are  given  in  detail. 

With  dilute  solutions  it  will  be  found  that — ■ 

1.  E(jg  album  ru  is  coagulated  by      Serum  alburtiin  not  coagulated. 

ether. 

2.  Egg  albumin  is  readily  preci-      Serum  albumin  not  precipitated 

pitated      by     hydrochloric  so  readily,  but  the  precipitate, 

acid,  the  precipitate  not  dis-  when    formed,    redissolves    in 

solving  in  excess.  slight  excess  of  the  acid. 

3.  Egg  albumin  gives  a  precipi-  Seium  albumin  gives  a  similar 

tate  with  nitric  acid,  which  precipitate,    which    is   readily 

is  with  difliculty  soluble  in  soluble  in  excess. 

excess.  H 
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General  Tests  and  Reactions. — 1.  Boiling  precipitates 
albur)iin  soliitions.  The  coagulation  tliii's  effected  requires 
the  presence  of  water,  as  dry  soluble  albumin  is  not  coagulated 
or  rendered  insoluble  by  being  exposed  to  a  temperature  of 
100". 

The  temperdtiive  at  which  the  coagulation  occurs  varies 
with  the  different  albumins,  but  it  averages  from  60°  to  75°  ; 
the  presence  of  a  little  free  acid,  or  of  a  neutral  alkaline  salt 
like  sodium  chloride,  causes  the  coagulation  to  occur  at  a  lower 
temperature ;  the  presence  of  an  alkali,  at  a  higher  tempera- 
ture, while  if  much  alkali  is  present  no  coagulation  will  take 
place  at  all. 

Take  six  test  tubes  with  some  simple  albumin  solution  in 
each  ;  add  a  few  drops  dilute  acetic  acid  to  the  first,  a  little  of 
the  same  acid  and  some  sodic  chloride  or  sulphate  to  the 
second,  a  little  sodic  carbonate  to  the  third,  a  considerable 
excess  of  caustic  potash  or  ammonia  to  the  fourth,  a  few  drops 
of  neutral  solution  of  litmus  to  the  fifth,  and  nothing  to  the 
sixth.  Each  tube  should  have  a  label  attached  to  it.  Next 
place  the  six  test  tubes  in  a  beaker  containin^^«r,  and  immerse 
the  beaker  in  a  water  bath.  Watch  the  ^K  while  Jiey  are 
being  heated  ;  coagulation  first  shows  itself  in  the  tub^lntain- 
ing  acetic  acid  and  the  salt,  next  in  the  acidified  albumin,  then 
in  the  simple  albumin  solution,  and  lastly  in  the  sodic  carbo- 
nate tube,  while  no  coagulation  will  occur  in  the  tube  contain- 
ijig  excess  of  caustic  potash,  unless  first  neutralis-ed  with  an 
acid ;  and  in  the  tube  to  which  litmus  was  added  a  blue  colour 
will  make  its  appearance  on  the  coagulation  of  the  albumin, 
owing  to  the  alkali  set  free  in  the  process. 

2.  Of  the  mineral  acids  nitric,  nietaphosphoric,  and 
phosphotungstic  precipitate  albumin  most  completely.  1  part 
of  albumin  in  100,000  parts  of  water  can  be  identified  by  the 
last  acid  (Hofmeister).  Ordinary  phosphoric  acid  does  not 
precipitate  it. 

If  only  a  trace  of  albumin  is  present,  as  is  often  the  case 
with  albuminous  urine,  it  is  best  to  place  the  liquid  in  a  test 
glass,  and  then  slowly  and  carefully  pour  some  strong  nitric  acid 
down  the  side  of  the  tube,  so  as  to  form  a  layer  at  the  bottom. 
A  ivhite  cloud  will  show  itself  *at  the  line  of  junction  of  the  two 
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tluicls.  This  will  be  readily  seen  by  holding  the  vessel  in  a 
clear  light  and  moving  it  up  and  down  about  the  level  of  the 
eye.  Or,  if  only  a  little  of  the  urine  is  procurable,  I  have  been 
accustomed  to  apply  this  modification  of  the  nitric  acid  test 
with  a  small  glass  syringe,  first  drawing  up  the  urine  and  then 
the  acid. 

3.  (a)  Of  the  organic  acids  carbolic,  i^icric,  and  tannic 
act  as  precipitant-s.  By  using  the  picric  acid  in  the  same  way 
as  the  nitric  acid  in  the  preceding  paragraph,  very  delicate 
results  can  be  obtained.  But  with  none  of  these  acids  is  the 
precipitation  complete  in  the  presence  of  alkalies  or  their 
carbonates. 

(h)  Acetic  acid  and  ferrocyanide  of  potassium  give  a  white 
llaky  precipitate,  which  is  somewhat  soluble  in  excess. 

(c)  Acetic,  tartaric,  and  citric  acids,  in  presence  of  excess 
of  a  cold  saturated  solution  of  a  neutral  salt  like  sodium 
chloride  or  sulphate,  or  of  a  body  like  gum  or  dextrin,  precipi- 
tate albumin. 

The  albumins,  with  the  exception  of  casein  and  syntonin, 
arc  not  precipitated  by  acetic  acid  alone. 

4.  Salts  of  the  heavy  metals,  such  as  silver,  mercury,  lead, 
and  copjper,  throw^down  albumin  from  its  solutions.  Basic  lead 
acetate  precipitates  it  abundantly,  the  normal  acetate  only 
slightly.  Tungstate  of  soda  and  potassio-mercuric  iodide  are 
also  very  delicate  precipitants. 

5.  Other  precipitants  are  freshly  prepared  ferric  acetate, 
carbonate  of  potash  to  saturation,  alcohol,  and  acetgn.  A 
solution  of  taurocholic  acid  also  precipitates  albumin  and 
syntonin,  but  notpepjtone  or  propeptone ;  all  the  other  delicate 
reagents  for  albumin  also  precipitate  the  peptones. 

6.  Colour  Reactions. — 

{a)  All  the  albuminoids,  when  dissolved  in  fjlacicd  acetic  acid,  give, 
on  the  addition  of  strong  sulj^huric  acid,  violet  blue,  slightly  fiuoresce.nt 
solutions,  and  when  sufficiently  concentrated  produce  an  absorption 
spectrum  between  b  and  f  like  urobilin  and  choletelin  (Adam- 
KiEWicz).  The  presence  of  sodic  chloride  strengthens  the  reaction, 
but  that  of  iodine  spoils  it.  With  peptones  the  coloration  is  well 
marked. 

{b)  Albuminous  solutions  show  a  green  fluorescence  with  reflected 

n  2 
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light,  which  disappears  on  the  addition  of  acetic  acid  ia  excess.  If 
the  albumin  is  precipitated  with  silver  nitrate,  and  the  precipitate 
dissolved  in  a  mixture  of  equal  parts  of  acetic  and  sulphuric  acids,  the 
colour  of  the  sohition  rapidly  passes  from  violet  through  red  and 
orange  to  yellow  ;  but  the  addition  of  fresh  sulphuric  acid  causes  the 
violet  colour  to  be  restored  in  the  inverse  order. 

(c)  When  albumin  is  dissolved  iii  stro7ig  suljyhuric  acid  alone  a 
solution,  differing  in  colour  according  to  the  quantity  of  reagent  em- 
ployed and  to  the  amount  of  albumin  present,  will  be  obtained  :  thus 
1  c.c.  pure  sulphuric  acid  (sp.  gr.  1-809)  gives  with  1'5  per  cent, 
albumin  a  greenish  yellow,  with  7  per  cent,  an  orange,  with  15  per 
cent,  a  red,  and  with  22  per  cent,  a  violet  solution. 
,  [d)  When  a  little  albumin  is  floated  on  or  dissolved  in  water,  a 
little  sugar  solution  poured  in,  and  then  some  concentrated  sulphuric 
acid  added  carefully  and  with  constant  shaking,  a  purple  violet  or 
beautiful  red  coloration  is  produced  (Schultze). 

(e)  When  acted  on  with  a  rnixture  of  sul2:)huric  and  molyhdic  acids 
an  intense  blue  is  developed  (Frohde). 

(/)  Concentrated  hydrochloric  acid  dissolves  it  at  a  gentle  heat, 
a  blue,  violet,  and  lastly  a  brown  coloration  being  produced,  and  a 
precipitate  falling  on  neutralisation.  By  warming  the  albumin  with 
hydrochloric  acid  to  which  a  few  drops  of  strong  sulphuric  acid  have 
been  added  a  violet  liquid  results. 

((/)  Iodine  strikes  a  brownish  yellow,  and  nitric  acid  a  yellow 
coloration  ;  the  latter  is  changed  to  a  reddish  orange  by  the  addition 
of  caustic  soda. 

(Ji)  Mix  the  albuminous  body  with  a  little  dilute  solution  of 
cupric  sulphate,  add  some  caustic  potash  or  soda,  and  warm  ;  a  beau- 
tiful violet  colour  is  produced. 

These  colour  reactions  can  be  characteristically  obtiiined  with  mere 
traces  of  albumin  on  slides  when  examined  microscopically. 

(j)  Precipitate  albumin  with  chloride  of  gold,  and  dissolve  the 
precipitate  in  a  mixture  of  equal  parts  of  acetic  and  sulphuric  acids; 
the  i-ed  solution,  like  the  solutions  of  metallic  precipitates  of  albumin, 
shows  a  broad  band  between  e  and  f  ;  and  a  similar  band  is  given,  as'- 
we  have  seen,  with  the  solution  of  albumin  in  acetic  and  sul^jhuric 
acids. 

Alteration  of  Albumin  by  the  Action  of  Acids  and  Alkalies. — 

The  albumins  iire  converted  into  alhuiiiiiiates  by  these  reagents  : 
alkali  albaniin  by  allowing  the  albumin  to  stand  some  time 
with  a  caustic  alkali,  the  conversion  being  accelerated  by  a 
gentle  heat ;  and  acid  alhtindn  by  treating  a  solution  of  albu- 
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min  with  very  dilute  acids,  or  dissolving  solid  albumin  in  strong 
aci(ls. 

{a)  Alkali  Albuminate. — 1.  Add  to  the  solution  of  albumin  a  few 
(h'ops  of  caustic  potash,  and  warm  (jenily  for  a  few  minutes;  then 
boil,  and  it  will  be  fonnd  that  no  coagidum  occurs. 

2.  To  a  little  of  the  above  solution,  when  cooled,  add  a  drop*  of 
litmus  solution,  and  neutralise  carefully  by  the  addition  of  dilute 
hydrochloric  or  acetic  acids  ;  a  precipitate  falls,  that  dissolves  in  excess 
of  hydrochloric  acid. 

3.  Boil  a  little  solid  alkali  albumin  (see  preparation,  p.  115)  with 
M'ater,  and  test  some  of  the  solution  with  a  current  of  carbonic  an- 
hydride, when  a  precipitate  will  fall;  to  another  portion  add  powdered 
magnesic  sulphate  to  saturation,  and  a  precipitate  is  formed  ;  and  add 
alcohol4o  a  third,  when  no  precipitate  will  appear. 

4.  To  some  of  the  alkali  albuminate  solution  add  a  little  sodic  or 
potassic  phosphate,  next  a  few  drops  of  litmus  solution,  and  then 
neiiti'alise  with  dilute  acetic  acid  :  no  precipitate  ivill  occur  until  an 
excess  of  acid  is  present,  as  indicated  by  the  i-ed  coloration  of  the 
litmus.  But  a  precipitate  may  also  be  obtained  by  boiling  the  neu- 
tralised solution,  owing  to  the  conversion  of  the  acid  phosphate  pro- 
duced in  the  reaction  into  neutral  phosphate,  free  acid  being  thus 
liberated. 

(h)  Acid  Albuminate. — 1.  Place  a  little  solution  of  albumin  in 
a  beaker,  add  to  it  an  equal  volume  of  dilute  hydrochloric  acid 
(0*5  per  cent.),  and  lay  aside  for  some  hours,  when  the  albumin 
will  be  converted  into  acid  albuminate ;  but  the  conversion  is  much 
accelerated  by  the  application  of  a  very  gentle  heat. 

2.  Boil  a  little  of  the  solution  thus  obtained :  no  precipitate  occurs. 
A  dilute  solution  of  albumin,  slightly  acidijSed,  if  very  gradually 
brought  up  to  boiling  point,  may  in  like  manner  give  no  precipitate. 

3.  Neutralise  a  little  of  the  albuminate  solution  of  1  with  dilute 
caustic  potash  solution  :  a  precipitate  is  thrown  down.  The  j^^'Gsence 
of  an  alkaline  pliosiiltate  does  not  interfere  luith  the  2)recipitatio7i. 

4.  Dissolve  a  little  syntonin  in  lime  water;  boil  half  the  solution, 
and  a  coagulum  will  be  obtained ;  but  the  addition  of  powdered  sul- 
phate of  magnesia  to  saturation  to  the  other  half  causes  no  precipitate 
to  appear,  although  it  shows  itself  on  boiling. 

The  presence  of  nitrogen  and  sulphur  in  albumin  may  readily 
be  shown  by  placing  a  bit  of  dried  albumin  or  fibrin  in  a  reduc- 
tion tube,  and  inserting  in  its  mouth  a  piece  of  red  litmus  and 


<k 


T02  NUTRITION  AND  FOODS. 

a  bit  of  p;\per  prepared  with  plumbic  acetate  ;  then  heat  the 
tube,  and  after  a  little  it  will  be  seen  that  the  litmus  becomes 
blue  and  the  lead  paper  black. 

Detection  of  Albumin  in  an  Animal  Fluid. — 1.  Test  the  re- 
action. If  too  acid  add  a  little  dilute  caustic  soda  without 
rendering  it  alkaline,  then  add  sodic  sulphate  and  ammonic 
chloride  or  a  neutral  salt  of  the  alkalies,  and  boil.  If  alkaline 
neutralise  with  a  few  droj)s  of  acetic  acid,  carefully  avoiding  an 
excess,  and  boil  as  before.     Precipitates  will  thus  be  obtained. 

2.  Test  some  of  the  solution  with  a  little  dilute  nitric  acid. 

3.  Confirm  by  testing  w4th  tannic  acid  and  mercuric 
chloride  ;  or  with  picric  acid,  tungstate  of  soda,  or  potassio- 
mercuric  iodide. 

Separation  of  Albumin  from  its  Solutions. — 1.  Acidify  with  acetic 
acid  the  fluid  containing  the  albumin,  and  add  an  equal  volume  of  a 
concentrated  solution  of  sodic  sulphate  ;  then  boil.  In  this  way  albu- 
min can  be  separated  from  sugar  and  the  like  without  interfering ^ith 
the  after-detection  of  these  bodies. 

2.  The  separation  may  be  effected  by  hoiling  with  acetic  acid 
alone,  avoiding  excess,  and  any  albumin  still  remaining  in  the  filtrate 
may  be  complet?ly  removed  by  again  boiling  it  after  the  addition  of 
a  little  freshly  prepared  acetate  of  iron,  obtained  by  saturating  acetic 
acid  with  ferric  hydrate.  Hydrated  oxide  of  lead  at  boiling  point  also 
separates  it  completely. 

3.  Acidify  strongly  with  acetic  acid,  and  add  twice  the  volume  of 
alcohol ;  filter  in  24  hours.  This  is  a  good  plan  when  other  sub- 
stances are  present  which  might  be  decomposed  by  boiling. 

4.  Acidify  with  acetic  acid,  evaporate  to  dryness,  and  treat  the 
dry  pulverised  mass  with  boiling  alcohol,  ether,  and  water.  The 
albumins  present  are  thus  rendered  insoluble. 

5.  Place  the  solution  in  a  dialyser  immersed  in  water  :  crystalloid 
constituents,  such  as  the  soluble  salts,  sugar,  and  urea,  will  pass 
through  the  parchment  paper,  and  leave  the  albumin  behind.  It  is 
possible  in  this  way  to  separate  serum  or  egg  albumin  from  pai*a- 
globulin,  as  the  latter  is  precipitated  When  the  salts  keeping  it  in 
solution  dialyse  out. 


103 


••CHAPTER   XVIII. 

CLASSIFICATION  OP  ALBUMINS. 

I  SHALL  adopt  more  or  less  closely  Hoppe  Seyler'soM  arrange- 
ment, and  give  at  the  same  time  some  details  as  to  each 
variety. 

I.  NATIVE  ALBUMINS. — These  are  soluble  in  water,  and 
precipitated  therefrom  by  boiling,  or  by  alcohol  in  presence  of 
alkaline  salts,  though  not  in  their  absence  ;  but  not  precipi- 
tated by  very  dilute  acids,  alkaline  carbonates,  or  sodic  chlo- 
ride. 

(a)  Albumin  of  Serum  (Serine). — This  is  very  widely  spread 
in  the  animal  body,  constituting  a  constant  and  essential 
element  in  all  the  nutritive  fluids  of  the  economy,  such  as  the 
blood  (2*7  to  4-22  per  cent,  of  the  serum,  Fredericq),  lymph, 
chyle,  milk,  serous  fluids,  muscle  juice,  &c. ;  it  is  also  the  most 
frequent  form  found  in  the  urine  in  renal  affections. 

Projjei'ties.-- 'Dry  serum  albumin  is  yellowish  and  trans- 
lucent ;  its  solution,  when  containing  only  a  small  proportion 
of  salts,  has  a  specific  rotation  of  —  56°  for  yellow  light  (given 
also  as  —57*27°).  It  is  not  coagulated  by  ether;  nitric  and 
hydrochloric  acids  precipitate  it,  the  precipitate  with  the  latter 
being  soluble  in  excess,  but  reprecipitated  on  the  addition  of 
water.  The  temperature  of  coagulation,  as  we  have  already 
seen,  is  affected  by  the  presence  of  certain  acids  and  salts ; 
thus  in  the  case  of  albuminous  urine  the  coagulum  m^-y  appear 
below  70°,  and  even  as  low  as  50°  when  the  urine  has  an  acid 
reaction,  but  with  an  alkaline  urine  coagulation  does  not  com- 
mence till  a  temperature  of  73°  is  reached. 

Dilute  acids  at  ordinary  temperatures  give  no  precipitate, 
but  at  higher  temperatures  and  with  more  concentrated  solutions 
the  precipitation  is  evident. 

Preparation. — To  blood  serum  or  hydrocele  fluid  add  acetic  acid 
drop  by  drop  till  a  flocculent  precipitate  is  formed ;  then  filter,  and 
having  neutralised  the  filtrate  with  a  little  sodic  carbonate  evaporate 
to  a  small  volume  in  a  shallow  dish  at  about  40°.  Dialyse  the  concen- 
trated fluid,  changing  the  outside  water  frequently,  and  after  three 
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or  four  days  evaporate  the  contents  of  the  dialyser  to  dryness.  Some 
ash  is  still  present.  Or  saturate  the  serum  with  crystallised  mag- 
nesic  sulphate,  filter  from  the  precipitated  serum  globulin,  and 
dialyse  the  filtrate  till  no  more  chlorides  or  sulphates  can  be  detected 
in  the  dialysate.  Then  evaporate  the  contents  of  the  dialyser  in 
vacuo  over  sulphuric  acid. 

( /3)  Albumin  of  White  of  Eg^g.— It  is  coagulated  \yhen  shaken 
with  ether  in  presence  of  alkaline  salts.  Hydrochloric  acid 
precipitates  it  readily,  and  when  added  in  excess  it  gives  ^ 
coagulum  that  is  with  difficulty  soluble  in  the  concentrated 
acid ;  serum  albumin  is  not  only  more  readily  precipitated  by 
but  also  more  easily  soluble  in  hydrochloric  acid.  If  egg  albumin 
is  injected  hypodermically  or  into  the  veins,  or  introduced  in 
large  quantity  into  the  stomach  or  intestine  of  an  animal  in  a 
fasting  condition,  it  is  excreted  unchanged  by  the  kidneys, 
which  is  not  the  case  with  serum  albumin  (Stokvis).  Pure 
albumin  of  egg,  in  which  it  is  probable  several  albumins  may 
be  present,  begins  to  coagulate  at  54°  to  59°,  the  coagulation 
increasing  at  63°  and  74°,  but  when  mixed  with  salts  the  tem- 
perature at  which  this  occurs  varies  considerably.  According 
to  Mathieu  and  Ukbain,  when  all  the  free  gas  contained  in 
albumin  of  egg  is  removed  by  exhaustion,  a  liquid  albumin  is 
obtained  not  coagulable  by  heat. 

After  its  precipitation  by  the  mineral  acids  or  the  prolonged 
action  of  alcohol,  the  albumin  is  coagulated  and  rendered  no 
longer  soluble  in  water  ;  but  the  precipitate  obtained  by  mercuric 
chloride,  silver  nitrate,  or  lead  acetate  is  not  coagulated,  and 
is  soluble  on  the  removal  of  the  precipitant. 

Egg  albumin  is  most  energetically  precipitated  by  heat, 
serum  albumin  by  alcohol. 

The  opportunity  may  be  here  taken  of  giving  the  chemical 
composition  of  a  hen's  egg  (after  Poleck,  Parkes,  Prout,  &c.) 

A  hen^s  egg  varies  in  weight  between  45  and  60  grams.  Three 
parts  of  it  are  to  be  distinguished — the  shell,  the  white,  and  the  yolk. 
The  relations  among  these  in  weight  may  be  expressed  as  1  :  5  :  2*5,  but 
when  dried  at  100°  as  1  I  0'8  :  1'2.  The  proportion  of  the  yolk  to 
the  white  varies  as  I  to  1*4,  1*6,  or  2*09,  the  white  attaining  its 
greatest  weight  in  spring  and  the  yolk  in  summer. 

(j)  The  shell :— 
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Oiganic  substances        .         .         .         .         .       4"15 

Carbonate  of  lime  .....     93*70 

„  of. magnesia  .         .         .         .1-39 

Phosphate  of  lime  and  magnesia  .         .       0-7G 

(ij)  The  white  : — 

Solids 12-18  per  cent. 

Water 88-82 

The  solids  generally  vary  about  13-3  per  cent.,  of  which  some 
12*27  per  cent,  consists  of  albumins,  with  0*5  per  cent,  of  grape  sugar, 
and  traces  of  olein,  palmitin,  sodic  oleate  and  palmitate,  and  inorganic 
salts.     These  salts  in  100  parts  of  ash  have  this  composition  : — 


K,0  .         .         . 

.     28-45 

SO,  .       .       .     - 

2-03 

NaoO 

.     27-90 

CaO  . 

1-74 

CI      .         .         . 

.     25-20 

MgO 

1-00 

CO2   . 

.     11-60 

Fe,03         .         . 

0-44 

P.O5  •         .         . 

.       4-83 

SiO,  . 

0-49 

(iij)  The  yolk  contains  44  to  55  per  cent,  of  solids  ;  these  are  vitel- 
lin,  nuclein  (0"2  to  0*3  gram  in  an  egg),  alkali  albuminate,  lecithin, 
palmitin,  olein,  grape  sugar,  two  pigments  (lutein),  and  inorganic 
salts,  especially  potassic  phosphate. 


Water 
Solids 

Albumins  . 
Ether  extractives  : 
Lecithin 
Fats    . 
Cholesterin 
Alcoholic  extractives 

(Lecithin 
Nuclein 
Salts : 

Soluble 
Insoluble    . 


47-19 
52-81 
14-1 5-G2 

0-80 
22-83 
1-75 
4-83 
3-92) 
1-50 

0-35 
0-61 


The  salts  have  the  following  percentage  composition 


Phosphoric  ac 
Lime 
Potash     . 
Soda 
Magnesia 
Oxide  of  iron 
Silica       . 

d 

63-8-66-7 
12-2-13-2 
8-0-8-9 
5-1-6-5 
20-2-1 
11-1-4 
0-5-1-4 


ir.  THE  GLOBULINS.— Insoluble  in  water,  all  dissolved  by 
[.dilute  sodium  chloride  solution  (1  per  cent.),  but  with  the  ex- 
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ceplion  of  vitellin  are  precipitated  therefrom  by  saturated  solu- 
tions of  the  same,  or  by  the  addition  of  a  large  quantity  of 
water ;  soluble  also  in  very  dilute  hydrochloric  acid  with  the 
production  of  syntonin.  Its  solutions  are  coagulated  by  heat 
(not  completely  till  93°  is  reached),  and  are  precipitated  by 
alcohol  and  even  by  the  weakest  acids,  such  as  carbonic,  the 
precipitate,  however,  disappearing  when  a  stream  of  air  or 
oxygen  is  passed  through  it. 

G^lobulin  itself,  so  called,  as  found  in  the  blood  corpuscles, 
crystalline  lens,  &c.,  is  probably  an  alkali  albuminate. 

{a)  Vitellin. — Its  solution  is  not  precipitated  by  the  addition 
of  solid  sodic  chloride  in  excess.  In  the  yolk  of  egg  it  is 
chemically  associated  in  eome  way  with  lecithin. 

It  is  prepared  by  digesting  yolk  of  eg^  with  water  and  ether  so 
long  as  any  yellow  coloration  is  given ;  the  lesidue  is  then  shaken  up 
with  sodic  chloride  solution  (10  per  cent.),  which  dissolves  it,  and  it 
is  precipitated  therefrom  by  the  addition  of  an  excess  of  water 
acidulated  with  a  few  drops  of  acetic  acid.  It  may  be  rapidly  dis- 
solved up  again  and  reprecipitated,  and  afterwards  digested  with 
alcohol,  so  as  to  purify  it. 

Vitellin  is  a  white  granular  body  which  is  very  soluble  in 
dilute  sodic  chloride  solutions,  but  not  precipitable  therefrom 
l)y  saturation  with  solid  sodic  chloride,  coagulating  about  70° 
to  80°  ;  it  is  also  very  soluble  in  dilute  hydrochloric  acid  (-L  per 
cent.)  and  in  weak  alkaline  solutions.  It  is  precipitated  from 
its  solutions  by  alcohol,  and  its  neutral  solutions  heated  to  %5° 
are  coagulated.  ^^^ 

(P)  Crystallin  or  Globulin. — This  body  is  not  precipitated 
from  its  solutions  by  saturation  with  sodic  chloride,  thus  resem- 
bling vitellin,  but  it  is  readily  precipitated  by  alcohol.  The 
crystallin-  or  globulin-like  body  precipitated  from  diluted 
serum  by  the  cautious  addition  of  acetic  acid  is  said  to  differ 
from  fibrinoplastin  merely  by  the  admixture  of  fibrin  ferment 
with  the  latter  (Weyl)  ;  but  although  crystallin  corresponds 
very  closely  with  fibrinogen  and  fibrinoplastin,  it  has  no  power, 
like  them,  in  causing  or  assisting  coagulation. 

Preparation. — The  lens  contains  several  albuminoid  bodies. 
If  it  is  rubbed  up  with  washed  sand  and  then  digested  with 
water  a  solution  is  obtained  of  these  ;  after  stirring  well,  filter. 


CLASSIFICATION  OF  ALBUMINS.  107 

and  the  paraglobulin  can  he  separated  by  passing  a  current  of 
carbonic  anhydride  through  the  filtered  liquid. 

This  paraglobulin  is  also  precipitated  by  dilute  acetic  acid, 
and  when  thus  precipitated  it  is  insoluble  in  water  containing 
no  air  dissolved  in  it,  but  if  some  oxygen  is  passed  through  the 
water  it  soon  forms  an  opalescent  solution.  On  heating  this 
solution  to  93°  a  coagulum  separates,  but  the  filtrate  will  not 
pass  through  clear  unless  some  neutral  salt  of  the  alkalies  has 
been  added  previous  to  heating. 

(7)  Myosin,  or  Muscle  Fibrin. — Its  sodium  chloride  (10  per 
cent.)  solution  is  precipitated  by  solid  sodic  chloride  added  in 
excess,  or  by  extreme  dilution  with  water.  It  is  soluble  in 
dilute  hydrochloric  acid,  dilute  alkalies,  and  neutral  saline 
solutions.  It  is  coagulated  by  heat  {55°  to  60°),  and  precipi- 
tated and  afterwards  coagulated  by  alcohol.  After  being  dried 
its  solubility  is  lessened.  Between  globulin  and  fibrin  it  is 
intermediate  in  its  characters,  like  fibrin  under  certain  condi- 
tions decomposing  hydrogen  dioxide,  and  giving  a  blue  colour 
with  the  guaiacum  test. 

Myosin  is  the  name  given  to  the  solid  body  that  separates 
in  the  coagulation  of  muscle  plasma,  and  forms  an  elastic  gela- 
tinous clotted  mass. 

To  obtain  muscle  jjlasma  several  large  frogs  are  bled,  and  their 
blood  vessels  are  washed  out  with  a  sodic  chloride  solution  (OS  per 
cent.);  the  muscles  are  then  removed,  cut  into  pieces,  and  again 
washed  in  the  salt  solution,  the  temperature  being  kept  down  to  0°. 
The  fragments  are  next  tied  up  in  a  linen  cloth,  placed  in  a  tin  or 
platinum  criicihle  inserted  in  a  freezing  mixture  of  equal  parts  of  snow 
or  pounded  ice  and  salt ;  when  frozen  hard  the  mass  is  cut  into  thin 
slices  with  a  sharp  knife  that  has  been  lying  in  the  freezing  mixture, 
and  then  pounded  in  a  cooled  mortar.  Now  tie  up  the  broken  muscle 
in  a  linen  cloth,  and  express  powerfully  into  a  vessel  surrounded  by  ice, 
the  expressed  fluid  being  filtered  through  a  series  of  filters  moistened 
with  the  saline  solution  (^  per  cent.)  into  a  cold  beaker ;  and  it  is 
advisable  to  place  the  glass  funnel  in  a  larger  metal  funnel,  filling  the 
space  between  with  snow  and  salt. 

The  preparation  of  the  plasma  by  the  above  process  requires 
much  dexterity,  and  must  be  done  rapidly,  and  the  temperature 
kept  low  all  the  time.     The  muscles  of  frogs  are  used  in  pre-- 
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ference  to  those  of  mainmals,  on  account  of  their  coaoulation 
settmg  in  more  slowly. 

The  muscle  juice  is  slightly  yellow,  opalescent,  and  syrupy, 
has  a  faint  alkaline  reaction,  and  coagulates  at  ordinary  tem- 
peratures, becoming  first  a  solid  jelly  and  then  separating  into 
a  loose  and  granular  clot  and  an  acid  serum.  The  clot  is  myosin. 
The  separation  of  myosin  from  muscle  plasma  is  also  readily 
effected  by  the  addition  of  very  dilute  acids  or  sodic  cliloride 
solutions  above  10  per  cent. 

The  "muscle  serum,  obtained  by  the  separation  of  myosin 
from  the  muscle  plasma,  contains  three  albumins — a  potash 
albuminate  like  casein,  precipitated  by  the  addition  of  an  acid 
at  20°  to  30° ;  a  serum  albumin  in  large  amount,  coagulating 
at  75° ;  and  an  albumin  or  albuminate  coagulable  at  45°  and 
insoluble  in  salt  solutions. 

Myosin  is  much  more  easily  lyreiyared  in  this  way.  Some  finely 
divided  muscle  is  thoroughly  washed  in  water,  and  then  triturated 
well  in  a  mortar  with  a  solution  of  ammonium  chloride  (12  to  15  per 
cent.) ;  after  several  hours  it  is  strained  and  subsequently  filtered 
through  paper,  and  the  solution  allowed  to  fall  drop  by  drop  into  a 
tall  vessel  filled  with  distilled  water.  The  myosin  separates  in  small 
fiocks  (Danilewsky). 

Syntonin  is  readily  formed  from  myosin,  a  solution  of  the 
latter  in  a  very  small  quantity  of  hydrochloric  acid  being  con- 
verted into  syntonin  on  heating  it  to  50°-55°.  A  reconversion 
can  also  be  effected  by  dissolving  the  syntonin  in  lime  water, 
adding  dry  powdered  ammonium  chloride  in  excess,  filtering, 
and  cautiously  neutralising  the  thick  alkaline  opalescent  solu- 
tion with  acetic  acid.  This  solution  behaves  like  a  freshly  pre- 
pared solution  of  myosin  in  ammonium  chloride  solution. 

(8)  Fibrinogen  (Metaglobulin). — Denis^ Plasmin  is  probably 
a  mixture  of  paraglobulin  and  fibrinogen. 

(s)  Fibrinoplastin  (Kuhne's  Paraglobulin,  Panum^s  Serum 
Casein). — Both  these  bodies  comport  themselves  like  myosin, 
but  form  fibrin  when  their  neutral  solutions  are  mixed  in  pre- 
sence of  a  special  ferment.  Like  myosin  they  also  decompose 
hydrogen  peroxide.  They  are  soluble  in  acetic  acid,  dilute 
alkalies,  alkaline  carbonates,  and  neutral  saline  solutions,  and 
are  reprecipitated  therefrom  by  carbonic   acid  or  very  dilute 
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acetic  acid  {^-^  per  cent.)  The  solutions  in  dilute  alkalies 
are  not  coagulated  .by  heat,  and  the  respective  solutions  of 
these  two  bodies  in  1  to  5  per  cent,  sodic  chloride  solutions 
behave  differently  when  heated — the  fibrinoplastin  coagulating 
at  68°  to  70°  or  75°,  the  fibrinogen  at  52°  to  55°  (Hammarsten). 
According  to  the  same  observer  a  further  great  distinction 
between  these  two  bodies  is,  that  paragiobulin  is  not  altered  by 
the  action  of  fibjin  ferment,  while  the  fibrinogen  is  converted 
by  its  agency  into  fibrin. 

Where  Found. — Fibrinoplastin  is  met  w^ith  in  the  serum  of 
blood  after  coagulation  has  occurred,  and  is  present  in  the  cor- 
puscles, chiefly  the  pale  (in  bullock's  blood  forming  3*58  per 
cent,  and  in  rabbit's  blood  1*26  per  cent.,  Fredericq),  also  in 
lymph,  chyle,  pus,  and  some  serous  fluids,  in  connective  tissue, 
and  in  the  cornea.  Fihrinogen  exists  in  blood,  chyle,  and  lymph, 
and  in  serous  fluids  generally,  but  particularly  in  hydrocele  and 
pericardial  fluids,  the  latter  being  specially  rich  in  it.  Some 
fibrinogen  as  well  as  serum  globulin  and  albumin  are  present 
in  dropsical  effusions.  These  do  not,  however,  coagulate  spon- 
taneously, but  yield  fibrin  on  the  addition  of  fibrin  ferment  or 
on  heating  to  60°. 

Preparation. — i.  Both  bodies  can  be  thus  separated  in  succession 
from  the  blood  of  the  horse  :  Collect  the  blood,  lay  it  aside  in  the  cold 
(below  0°)  for  an  hour  to  allow  the  corpuscles  to  sink,  and  decant  the 
plasma.  Dilute  this  with  ten  times  its  volume  of  iced  water,  and  then 
pass  a  current  of  carbonic  acid  through  it.  The  flocculent  or  some- 
what granular  precipitate  \^  fibrinoplastin.  After  decantation  and 
filtration  dilute  the  filtrate  with  twice  its  volume  of  water  at  0°,  pass 
more  carbonic  acid,  and  neutralise  with  dilute  acetic  acid  A  viscous 
precipitate  will  be  obtained  of  fibrinoyeii,  which  can  be  purified  by 
washing  it  with  carbonated  water.  The  temperature  must  be  kept 
down  to  freezing  point  all  the  time.  It  will  thus  be  seen  that  in 
l)reparing  fibrinogen  the  fluid  is  more  strongly  diluted  than  in  the 
preparation  of  fibrinoplastin,  and  the  current  of  carbonic  acid  must 
be  passed  for  a  longer  time. 

By  saturating  the  plasma  with  sodium  chloride  added  in  powder 
a  precipitate  is  obtained  containing  both  Jibrinoj)lasti7i  and  fibrinogen. 
Wash  the  precipitate  by  decantation  with  saturated  solution  of 
sodium  chloride,  and  filter  rapidly  at  a  low  temperature.  The  filtrate 
will  soon  coagulate. 
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II.  Fihrinoplastin  alone  can  be  jn-epared  readily  by  diluting 
serum  with  15  times  its  volume  of  distilled  water  and  adding  a  little 
dilute  acetic  acid  (25  per  cent.)  —about  3  or  4  drops  of  this  to  every 
10  c.c.  of  serum  employed.  The  diluted  serum  may  likewise  be  pre- 
cipitated with  excess  of  sodium  chloiide  in  powder.  The  fibiinoplastin 
thus  obtained  possesses  the  greatest  fibrinoplastic  properties. 

Or  dilute  serum  with  ten  volumes  of  water,  and  pass  a  stream  of 
carbonic  acid  through  it  for  half  an  hour,  keeping  the  temperature  as 
low  as  possible.  Lay  aside  for  10  or  12  hours,  decant  carefully  the 
supernatant  liquid,  filter,  and  wash  the  white,  finely  granular  precipi- 
tate thoroughly  with  carbonated  water.  This  operation  is  to  be 
recommended. 

Hammarsten  states  that  the  whole  of  the  fihrinoplastin  is  not 
obtained  by  any  of  these  methods,  but  he  considers  that  this  can  be 
effected  by  the  addition  of  magnesium  sulphate  to  saturation. 

But  it  is  even  doubtful  whether  the  whole  of  the  precipi- 
tates thus  obtained  should  be  termed  fihrinoplastin.  That  they 
are  of  the  nature  of  globulin  there  seems  to  be  no  doubt,  so 
that  if  is  capable  of  reacting  with  fibrinogen  we  may  safely 
speak  of  it  as  fibrinoplastic  globulin.  It  is  insoluble  in  water 
and  in  concentrated  saline  solutions,  but  soluble  in  dilute 
saline  and  alkaline  solutions,  being  precipitable  therefrom  by  a 
current  of  carbonic  anhydride  or  the  addition  of  very  dilute 
acetic  acid.  While  the  solutions  in  the  dilute  alkalies  do 
not  coagulate  when  heated,  this  occurs  with  the  sodic  chloride 
solution. 

III.  Fibrinogen  is  more  difficult  to  prepare  than  fihrinoplastin. 
Hammarsten  obtains  it  thus  from  blood  :  Collect  the  blood  of  a 
horse  in  a  vessel  containing  a  saturated  solution  of  sulphate  of  mag- 
nesia— in  the  proportion  of  four  volumes  of  blood  to  one  of  the 
saturated  solution.  Leave  aside  for  several  days  and  filter ;  add  to 
the  filtrate  an  equal  volume  of  saturated  solution  of  sodium  cliloride, 
and  the  fibrinogen  is  precipitated.  To  purify  it  the  precipitate  is 
well  pressed  betw^een  folds  of  filter  paper,  redissolved  in  6  to  8  per 
cent,  sodium  chloride  solution,  and  reprecipitated  by  a  saturated 
solution  of  the  same  salt :  this  process  is  repeated  two  or  three  tiuies, 
when  the  precipitate  will  be  free  from  paraglobulin  and  serum 
albumin. 

Fibrinogen,  however ,  is  more  easily  i)re'parexl  fromi  a  serous  exuda- 
tion like  Jiydrocele  Jluidj  by  diluting  this  with  ten  volumes  of  water, 
and  passing  a  stream  of  carbonic  acid  through  the  diluted  fluid  for 
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about  half  an  hour.  The  same  method  of  preparation,  therefore, 
applies  to  fihiinogen  and  fibiinoplastin,  but  with  the  former  a  greater 
degree  of  dilution  is  necessary,  as  well  as  a  longer  passage  of  the  gas 
through  the  liquid. 

The  same  precipitate  is  also  obtained  by  diluting  the  hydrocele 
fluid  with  10  to  20  volumes  of  water,  and  exactly  neutralising  with 
very  dilute  acetic  acid.  The  precipitate  is  flaky  and  viscid,  and 
adheres  to  the  walls  of  the  containing  vessel. 

It  can  likewise  be  separated  by  the  addition  of  a  mixture  of  acohol 
(3)  and  ether  (1). 

This  fibriiiog-en  is  insoluble  in  water  or  saturated  solutions 
of  sodium  chloride  or  magnesium  sulphate,  but  is  soluble  in 
dilute  solutions  of  the  neutral  salts  of  the  alkalies  and  in  very 
dilute  solutions  of  the  alkalies  and  alkaline  carbonates.  It  is  less 
soluble  in  these  fluids  than  is  fibrinoplastin,  and  is  not  altered 
to  the  same  degree  by  repeated  precipitations  and  solutions  as 
is  the  case  with  paraglobulin,  which  is  rendered  insoluble  and 
inactive  by  four  successive  precipitations  with  sodic  chloride. 
But,  like  fibrinoplastin,  it  is  precipitated  from  its  solutions 
by  sodic  chloride  in  excess. 

IV.  The  blood  ferment  is  prepared  by  mixing  the  blood  serum  of 
the  ox  with  15  to  20  times  its  volume  of  strong  alcohol,  and  filtering 
from  15  days  to  a  month,  or  better  even  3  or  4  months,  after.  The 
precipitate  contains  coagulated  albumin  and  the  ferment.  This  is 
dried  over  sulphuric  acid,  then  finely  powdered,  and  rubbed  up  with 
water  for  at  least  ten  minutes,  using  65  c.c.  of  water  for  every  gram 
of  powder.  Filter,  and  in  the  filtrate  will  be  found  the  ferment ;  the 
filtrate  is  purified  by  treating  it  with  carbonic  anhydride  and  shaking 
it  in  the  air  so  long  as  any  opalescence  shows  itself.  The  ferment 
may  also  be  extracted  by  digesting  the  albuminous  coaguium  with 
glycerin. 

The  ferment  may  be  more  easily  prepared  by  digesting  washed 
bloodclot  in  an  8  per  cent,  solution  of  sodium  chloride  (Gamgee). 

This  ferment  is  most  active  about  blood  heat. 

V.  The  pldsmin  of  Denis  is  a  soluble  substance  existing  in 
the  blood  plasma,  and  formed  by  the  union  in  variable  propor- 
tions of  soluble  and  insoluble  fibrin,  as  Denis  terms  them,  the 
vital  action  of  the  vessels  under  normal  conditions  maintaining 
these  constituents  apart. 

It  is  prepared  by  separating  the  corpuscles  from  the  blood  plasma 
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by  means  of  sodic  sulphate,  and  adding  crystals  of  sodium  chloride 
to  the  plasma.  A  soft  white  mass  is  obtained  by  filtration,  and  if 
this  is  shaken  in  10  to  20  times  its  weight  of  water  it  Avill  dissolve, 
but  at  the  end  of  10  to  15  minutes  it  will  separate  as  a  coagulum. 

All  these  bodies  come  most  probably  from  the  destruction 
of  the  pale  corpuscles  (Schmidt),  though  the  red  corpuscles  no 
doubt  also  contribute.  And  it  has  been  stated  by  Mantegazza 
that  these  pale  corpuscles  are  the  cause  of  coagulation,  since 
when  irritated  by  foreign  bodies  or  inflamed  tissues  they  set  at 
liberty  one  or  all  of  the  generators  of  fibrin. 

The  Generation  of  Fibrin. — According  to  Schmidt  this 
body  results  from  the  combination  of  the  fibrinogen  and  fibrino- 
plastin  that  are  present  in  the  blood  in  unequal  proportions,  and 
remain  separate  till  certain  circumstances  arise  that  bring 
about  their  union.  But  for  this  union  to  occur  and  coagula- 
tion be  produced  Schmidt  states  that  there  must  also  be 
present  a  ferment  and  a  small  quantity  of  salts,  such  as  sodium 
chloride. 

Hammarsten  affirms,  however,  that  the  fibrinogen  obtained 
from  hydrocele  fluid  can  be  coagulated  in  the  absence  of  fibrin o- 
plastin  when  a  little  calcium  chloride  and  blood  ferment  are  added. 
So  that  according  to  him  there  is  only  one  generator  of  fibrin — 
that  is,  fibrinogen.  Fredeeicq  also  states  that  the  quantity  of 
fibrin  furnished  by  a  solution  of  fibrinogen  on  the  action  of  a 
ferment  does  not  equal  in  weight  the  amount  of  precipitate 
given  by  the  same  solution  when  heated  to  6Q° ;  and  he  has 
given  proof  that  fibrinogen  exists  as  such  in  living  blood  inside 
the  vessels. 

This  evidence  therefore  seems  in  favour  of  there  being  hut 
one  generator  of  fibrin,  viz.  fibrinogen,  which  under  favourable 
circumstances  is  decomposed  or  converted  into  fibrin,  this  con- 
version being  apparently  connected  with  the  action  of  a  ferment 
derivative  of  the  pale  corpuscles. 

III.  FIBRIN.— 
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Tt  yields  1*9  to  2*1  per  cent,  of  ash,  consisting  of  phosphate 
of  linie  and  a  little  niagnesic  phosphate  and  sulphate,  carbonate 
of  lime,  and  iron. 

About  one-fourth  per  cent,  can  be  obtained  from  normal 
blood. 

Fibrin  is  a  white,  elastic,  more  or  less  fibrillated  solid,  in- 
soluble in  water  and  dilute  solutions  of  sodium  chloride ;  it 
swells  much  in  dilute  acids,  but  less  so  in  dilute  alkaline  solu- 
tions, the  material  thus  swollen  being  coagulable  by  heat  and 
dissolving  readily  in  a  pepsin  solution.  Fresh  fibrin  dissolves 
more  or  less  slowly  at  35°  to  40°  in  dilute  solutions  of  potassic 
nitrate  (1  :  17),  and  in  10  per  cent,  solutions  of  sodic  chloride 
and  sodic  sulphate,  as  well  as  in  dilute  alkaline  solutions  gene- 
rally— these  solutions  being  coagulable  by  heat,  and  precipitable 
by  acids,  alcohol,  and  excess  of  sulphate  of  magnesia  in  powder 
It  is  with  difficulty  soluble  in  dilute  acids  ;  in  1  to  5  per  cent, 
solutions  of  hydrochloric  acid  it  merely  swells  up,  not  being 
dissolved,  but  at  a  temperature  of  40°  to  60°  the  solution  is 
rapidly  effected,  or  after  several  days  at  ordinary  temperatures. 
When  dissolved  in  strong  hydrochloric  acid  with  the  aid  of  heat 
it  forms  a  violet-coloured  solution. 

When  boiled  with  caustic  potash  it  evolves  ammonia,  and 
potassic  sulphide  is  formed. 

It  decomposes  hydric  peroxide,  so  that  if  to  oxygenated 
water  a  few  drops  of  tincture  of  guaiacum  are  added,  and 
then  some  fibrin  that  has  been  steeped  in  alcohol,  a  blue 
coloration  is  developed.  Or  the  same  coloration  can  often  be 
more  characteristically  obtained  by  placing  on  a  piece  of  filter 
paper,  moistened  with  freshly  prepared  tincture  of  guaiacum,  a 
little  fragment  of  fibrin  that  has  been  immersed  in  a  solution  of 
hydric  peroxide  or  ozonised  turpentine. 

Globulin,  myosin,  and  fibrin  form  a  series,  myosin  being 
intermediate  in  its  characters  between  the  other  two.  This  is 
seen  in  their  solubilities  in  dilute  acids,  alkalies,  and  neutral 
salts,  fibria  being  with  difficidty  soluble,  myosin  slightly  soluble, 
and  globulin  on  the  other  hand  being  easily  soluble. 

Preparation. — 1.  Fibrin  is  usually  prepared  by  rapidly  stirring 
freshly  drawn  blood  with  a  bundle  of  twigs,  and  washing  the  filament- 
ous coagulum  with  water,  and  then  with  alcohol  and  ether. 
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2.  Thefre.sli  blood  can  also  be  well  shaken  in  a  bottle  witb  several 
irregular  pieces  of  lead,  and  tbe  librin  adhering  to  the  lead  detached 
and  treated  as  in  1. 

3.  Cut  some  coagulated  blood  into  small  bits,  enclose  them  in  a 
linen  cloth,  and  leave  the  mass  under  an  open  cold-water  tap  for 
several  hoars,  the  mass  being  squeezed  from  time  to  time  and  the 
washing  continued  till  all  traces  of  red  coloration  have  been  removed. 
The  resulting  white  fibrin  is  then  immersed  in  sodic  chloride  solution 
for  3  days  to  separate  any  globulin,  subsequently  for  14  days  in  dis- 
tilled water  that  is  changed  from  day  to  day,  and  finally  digested 
with  alcohol  and  ether. 

IV.  ALBUMINATES  {Derived  Alb iionins),— The  native 
albumins  are  readily  converted  into  one  of  these  bodies  by 
the  gradual  action  of  acids  and  alkalies,  and  the  resulting 
compounds  may  be  regarded  respectively  as  acid  and  alkali 
combinations  with  the  neutralisation  precipitate.  The  solid 
albuminates  are  insoluble  in  water  and  sodic  chloride  solu- 
tions ;  when  freshly  precipitated  they  are  easily  soluble  in 
dilute  acids,  alkalies,  and  alkaline  carbonates,  and  their  solu- 
tions are  precipitated  by  careful  neutralisation,  but  riot  by 
boiling,  and  only  with  difficulty  by  alcohol.  Some  of  the  acid 
albuminates  contain  sulphur,  but  the  alkaline  albuminates  do 
not. 

(a)  Alkali  Albumin  or  Albuminate. — This  body  is  present  in 
all  young  colourless  cells,  in  blood  corpuscles  and  blood  serum, 
and  in  the  chyle  ;  also  in  muscle,  pancreas,  nerve,  lens,  and 
cornea. 

It  is  possible  that  several  forms  of  it  exist,  judging  from  the 
varying  polarising  power  of  different  alkali  albuminates :  thus 
when  prepared  from  serum  albumin  by  the  action  of  strong 
caustic  potash  it  is  equal  to  —86°,  from  egg  albumin  it  is 
•equal  to  —47°,  but  if  from  coagulated  egg  albumin  it  rises  to 
-58-8°. 

Potash  and  soda  dissolve  albumins,  transforming  them, 
especially  with  the  aid  of  heat,  into  alkali  albumins. 

Acids  added  to  a  solution  of  alkali  albumin  to  exact  neutrali- 
sation precipitate  pure  albumin,  but  no  precipitation  occurs  in 
presence  of  alkaline  phosphates  so  long  as  there  are  not  more 
than  9  molecules  of  acid  phosphate  to  1  of  neutral  phosphate, 
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but  the  slightest  excess  of  acid  after  this  point  will  produce  a 
precipitate. 

A  solution  of  alkali  albiuninate  can  be  boiled  without  a  pre- 
cipitate occurring,  but  the  addition  of  ether  or  alcohol,  especi- 
ally if  the  albuminate  is  concentrated,  causes  a  turbidity.  Salts 
of  the  heavy  metals,  baric  chloride,  and  alum  also  produce 
precipitates, 

A  soda  albmnin  resembling  casein  is  present  in  the  blood, 
and  can  be  precipitated  by  acidifying  the  serum  slightly  with 
very  dilute  acetic  acid  after  the  fibrinoplastin  has  been  separated 
by  carbonic  acid.  This  substance  is  most  abundant  in  the 
blood  of  the  spleen. 

1 .  Preparation  of  a  Solid  Alkali  Albuminate. — Hemove  the  whites 
of  two  fresh  eggs,  divide  the  mass  freely  with  scissors,  and  when  it 
has  been  well  shaken  up  in  a  flask  filter  through  linen  ;  then  add 
strong  caustic  potash  to  the  filtrate  until  it  becomes  a  firm  jelly. 
This  is  to  be  cut  into  bits,  rolled  up  in  a  piece  of  gauze,  and  washed 
well  in  distilled  water. 

This  albuminate  is  soluble  in  boiling  water,  from  which  it  is  pre- 
ci])itated  by  the  careful  addition  of  acetic  acid. 

2.  Dilute  the  white  of  egg  (prepared  as  before)  with  an  ecjual 
volume  of  water,  filter,  and  evaporate  to  half  its  bulk  ;  when  it  has 
cooled  add  caustic  potash  drop  by  drop  until  it  becomes  gelatinous. 
This  mass  is  cut  into  bits,  as  already  described,  well  washed  in  a 
large  excess  of  distilled  water,  rapidly  strained  through  a  linen  cloth, 
and  again  washed  there  with  more  water  until  the  alkaline  reaction 
has  quite  disappeared.  This  washing  must  be  done  rapidly,  and  the 
purified  albumin  thus  obtained  dissolved  in  boiling  water  and  pre- 
cipitated therefrom  w^ith  acetic  acid  (after  TiiEBERKtJHN). 

3.  Shake  milk  with  strong  caustic  soda  and  with  ether,  decant 
the  ether,  precipitate  the  albumin  wdth  acetic  acid,  and  wash  it  with 
water,  cold  alcohol,  and  ether  (Hoppe  Seyler). 

(/8)  Casein  is  present  in  the  milk  of  all  animals,  and  a  some- 
what similar  body  is  also  described  as  existing  in  blood  serum, 
chyle,  muscle  juice,  and  serous  exudations. 

In  the  milk  casein  exists  chiefly  in  the  soluble  form,  in 
combination  with  an  alkali,  and  some  say  combined  with  calcic 
phosphate ;  accordingly,  when  this  latter  body  is  removed  from 
its  combination  with  the  casein  by  the  action  of  an  acid,  the 
casein  is  precipitated  ;  but  a  small  quantity  is  present  also  in  an 

I  2 


116  JS^UTRiriON  AND   FOODS. 

insoluble  condition  in  some  saline  combination  (Commaille).  It 
is  yet  difficult,  notwithstanding,  to  say  positively  how  much  of 
the  casein  is  in  the  soluble  form  and  how  much  is  only  sus- 
pended in  a  finely  granular  form. 

Casein  resembles  an  alkali  albumin,  but  it  is  somewhat 
richer  in  nitrogen  ;  heated  also  with  caustic  potash  it  yields 
sulphur,  potassium  sulphide  being  formed,  which  is  not  the 
case  with  an  alkali  albumin ;  further,  casein  differs  from  an 
alkali  albuminate  in  its  inability  to  pass  through  a  filter  and 
in  being  coagulated  by  rennet. 

Its  solutions  do  not  coagulate  when  heated ;  they  are  pre- 
cipitated by  acetic  and  most  acids, being  soluble  in  excess;  but 
no  precipitation  occurs  on  simple  neutralisation  in  presence  of 
}>otassic  phosphate,  although  it  will  take  place  when  a  sufficient 
excess  of  acid  has  been  added. 

Rennet  also,  which  contains  a  special  ferment,  can  precipi- 
tate casein  even  from  an  alkaline  milk  at  a  moderately  elevated 
temperature,  1  gram  sufficing  to  coagulate  30  litres  of  milk. 
Casein  is  likewise  separated  from  its  solutions  by  boiling  them 
w^ith  calcic  chloride  or  magnesic  sulphate.  A  solution  of  casein 
in  acetic  acid  is  precipitated  by  dilute  sulphuric  acid  and  by 
potassic  ferro-  and  ferri-cyanide. 

The  specific  rotatory  power  of  a  casein  solution  for  yellow 
light  varies  from  76°  to  91°,  according  to  the  alkalinity  of  the 
solvent,  being  higher  when  a  strong  instead  of  a  weak  alkali 
has  been  employed  ;  a  solution  in  dilute  hydrochloric  acid  has  a 
rotatory  power  equal  to  —  87°. 

A  conversion  of  casein  into  fat  occurs  when  milk  is  allowed 
to  stand  for  some  time. 

While  the  identity  of  soluble  casein  and  sodic  albuminate 
is  maintained  by  most  German  chemists,  the  question  cannot 
yet  be  regarded  as  decided.  Opinions  vary  ;  Danilewski  and 
Badenhausen,  for  example,  affirm  that  casein  is  a  mixture  of 
two  substances,  one  of  which  is  an  albumin  probably  identical 
with  serum  albumin,  and  the  other  protalbin,  a  transition  pro- 
duct formed  during  the  peptonisation  of  various  albumins  with 
alkalies  and  pancreatin.  It  is  this  protalbin,  they  say,  that 
imparts  to  casein  its  acid  character. 

Casein  of  woman's  milk  is  slightly  difierent   from  that  of 
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cow's  milk,  being  only  partially  precipitated  by  acetic  acid  and 
carbonic  acids,  and  appearing  in  greyish  white  flocculi  instead 
of  in  lumps. 

There  is  a  slight  difference  also  in  their  percentage  composi- 
tion. 

CaFein  (Woman)  (Cow) 

C 52-85  53-62 

H 7-27  7-42 

N U-G5  14-20 

O  ' 25-73  24-76  (MA:iCRis) 

The  casein  of  cow's  milk  is  also  more  soluble  in  water  and 
alcohol  than  the  casein  of  woman's  milk. 

To  separate  casein  from  skimmed  milk,  dilute  the  latter  with  10 
times  its  volume  of  water,  and  add  a  few  drops  of  dilute  hydrochloric 
or  acetic  acid  until  a  precipitation  begins  to  occur ;  now  pass  a  current 
of  carbonic  acid,  filter,  and  wash  the  coagulum  with  cold  water,  and 
afterwards  with  alcohol  and  ether ;  or,  to  render  it  purer,  after  the 
cold  water  wash  it  with  water  acidulated  with  hydrochloric  acid, 
and  subsequently  with  pure  water.  Now  heat  to  45°  with  a  large 
volume  of  water,  when  it  will  in  great  part  dissolve  ;  filter,  and  pre- 
cipitate the  dissolved  casein  with  carbonate  of  ammonia.  Collect  the 
precipitate  and  wash  it  with  water,  and  then  with  warm  spirits  and 
ether. 

With  human  milk  it  is  better  to  precipitate  the  casein  with  sul- 
phate of  magnesia  added  to  saturation  to  the  milk  warmed  to  30°,  to 
wash  the  separated  casein  with  a  saturated  solution  of  this  salt,  and 
then  with  alcohol  and  ether.  To  purify  it  redissolve  in  water,  and 
dialyse  to  separate  the  magnesic  sulphate  completely. 

A  nearly  pure  solution  of  casein  is  also  obtained  by  dialysing  milk 
30  to  36  hours  (Schmidt). 

(7)  Acid  Albuminate  (AS^?/7i^o7im,il^6umos6). — The  majority 
of  acids  in  the  dilute  condition  and  at  ordinary  temperatures 
transform  albumins  into  acid  albumin,  which  is  also  the  first 
product  of  the  action  of  gastric  juice  on  proteids.  The  conver- 
sion is  accelerated  by  raising  the  temperature.  The  term  acid 
al])umin  has  generally  been  applied  to  the  combination  with 
acetic  acid  alone  (but  this,  we  see,  is  incorrect^,  and  syntonin  to 
the  combination  with  hydrochloric  acid,  especially  when  myosin 
has  been  employed.  This  is  the  percentage  composition  of  the 
syntonin:  C  54*1,  H  7-3,  N  lG-1,  0  21-5,  S  M. 
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An  acid  albuminate  is  a  white  gelatinous  substance  insolu- 
ble in  water  and  sodic  chloride  solutions,  but  easily  soluble 
without  alteration  in  very  dilute  hydrochloric  acid  and  dilute 
caustic  alkalies.  Its  solutions  have  a  specific  rotatory  power 
for  yellow  light  of  —72°,  which  rises  to  —84*8°  when  the  solu- 
tion is  heated  in  a  closed  vessel. 

Acid  albumin  solutions  are  precipitated  by  neutralisation 
even  in  presence  of  sodic  or  potassic  phosphate,  also  by  satu- 
rating them  wdth  sodic  chloride,  acetate,  or  phosphate  ;  but 
they  are  not  affected  by  boiling.  The  solution  in  lime  luater 
is,  hoivever,  'partially  coagulated  by  boiling,  and  a  still 
further  'precipitation  occurs  after  boiling  on  the  addition  of 
sodium  chloride  or  magnesium  sulphate.  Indeed,  a  precipi- 
tate is  generally  produced  on  boiling  an  alkaline  solution  of  any 
acid  albumin  to  which  magnesic  sulphate  has  been  added  in 
excess. 

Preparation.-  -Digest  egg  albumin  or  dissolve  serum  albumin  in 
fuming  hydrochloric  acid,  and  let  it  stand  till  the  solution  is  blue- 
coloured  ;  then  dilute  with  twice  its  volume  of  water.  Collect  the 
l)recipitate,  dissolve  it  in  water,  and  carefully  neutralise  the  solution 
with  sodic  carbonate  ;  finally  wash  well  with  water. 

To  2J^^epare  sij7itonin,  finely  divided  muscle  as  free  from  fat  as  pos- 
sible is  well  washed  and  placed  in  one-fifth  per  cent,  hydrochloric 
acid,  which  dissolves  it  readily ;  the  solution  is  filtered  after  a  few 
hours,  and  the  opaline,  slightly  viscid  filtrate  diluted  and  exactly 
saturated  with  sodic  carbonate :  gelatinous  flakes  are  obtained,  which 
are  to  be  washed  in  water. 

Tests. — 1.  A  solution  on  boiling  remains  clear ;  then  acidify 
strongly  with  acetic  acid  and  add  a  saturated  solution  of  sodic 
chloride  until  a  precipitate  apj)ears.  On  heating  the  precipi- 
tate disappears  ;  now  add  more  sodium  chloride,  and  a  point  will 
soon  be  reached  when  boiling  will  no  longer  clear  up  the  mix- 
ture, and  the  albumin  will  be  completely  precipitated  by  the 
sodium  chloride. 

2.  Pure  nitric  acid  gives  a  precipitate  which  dissolves  with 
an  intense  yellow  colour  on  heating. 

3.  Add  caustic  soda,  and  then  a  drop  or  two  of  a  weak 
solution  of  cupric  sulphate  ;  an  intense  purple  violet  colour  is 
produced. 
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4.  With  Millon's  reagent  a  deep  red  colour  is  given  on  heat- 
ing, but  the  presence  of  much  sodium  chloride  interferes  with 
the  reaction. 

5.  To  separate  this  body  from  fluids  containing  it,  boil  them 
with  hyd rated  oxide  of  lead  (Hofmeister). 

y.  PEPTONES. — The  gastric  juice  converts  albuminous 
bodies  into  peptones ;  pancreatic  j  nice  likewise  possesses  the 
same  property,  and  possibly  also  the  intestinal  juice,  but  to  a 
limited  degree.  All  proteids,  in  short,  except  amyloid  sub- 
stance yield  peptones  with  acid  gastric  or  alkaline  pancreatic 
juice  at  the  temperature  of  the  body.  It  is  said,  further,  that 
they  are  produced  by  the  prolonged  action  of  dilute  acids  at 
high  and  of  moderately  strong  acids  at  medium  temperatures, 
also  by  the  action  of  water  at  very  high  temperatures  and  pres- 
sures. In  all  these  cases  it  is  probable  that  an  albuminate  is 
first  formed. 

All  proteids  are  also  said  to  be  converted  into  peptone 
by  prolonged  contact  with  animal  and  vegetable  tissues,  the 
conversion  of  sw^ollen  fibrin  into  peptone  by  the  action  of  the 
tissue  of  the  lungs  or  kidneys  taking  place  as  energetically 
as  under  the  influence  of  pepsin  (Eichwald,  Poehl),  and 
it  is  well  known  that  the  juice  of  the  so-called  carnivorous 
plants  (drosera,  &c.)  when  acidified  with  hydrochloric  acid 
(one-fifth  per  cent.)  dissolves  fibrin  as  rapidly  as  does  pepsin 
itself. 

In  the  decomposition  of  albumins  by  bacteria  peptone  is  also 
one  of  the  early  products. 

Peptone  has  been  found  in  the  liver  and  spleen  in  leukae- 
mia, and  in  certain  pathological  urines  it  is  occasionally 
present. 

The  peptones  are  said  to  possess  a  slightly  different  compo- 
sition from  the  albumins  from  which  they  were  derived  in  con- 
taining a  smaller  proportion  of  carbon  and  nitrogen.  They 
seem  to  result  from  the  fixation  of  a  certain  quantity  of  water 
with  the  albuminous  matters.  Maly,  however,  regards  the 
peptones  as  possessing  the  same  elementary  composition  as  their 
derivative  albumins.  In  the  subjoined  table  three  analyses  of 
fibrin  are  given,  and  three  of  fibrin  peptone :— * 
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Fibrin 

Peptone 

MUXK 

KiSTIAKOVVSKI 

KOSSKI. 

Maia- 

c          ... 

51-40 

.52-.')  1 

52-32 

4G-{;7 

48-97 

51-40 

H           .         .         . 

G-95 

G-98 

7-07 

7-12 

7  Of) 

0-95 

N           .         .         . 

17-13 

17-34 

l(J-23 

i(;-30 

1.5-14 

17-13 

S            ... 

1-13 

118 

1  -35 

0-93 

1-lG 

-_ 

0           .         .         . 

— 

— 

23-03 

28-98 

27-07 

— 

Peptones  have  also  been  regarded  as  due  to  the  swelling  up 
of  the  colloid  of  albumin,  the  inner  constituent  remaining  the 
same,  no  change  in  specific  gravity,  rotatory  power,  or  index  of 
refraction  taking  place  in  the  conversion  (Poehl). 

But  the  proportion  of  salts  in  peptone  is  undoubtedly 
smaller  than  that  of  the  albumin  from  which  it  was  derived  ; 
thus  in  serum  albumin  the  salts  are  —  9-G  per  cent.,  in  egg 
albumin  =  5-43  per  cent.,  in  fibrin  =  2'17  per  cent.,  but  in 
peptone  only  =  1-16  per  cent.  By  the  digestion  of  fibrin 
MoHLENFELD  obtained  a  peptone  having  the  composition 
^143^301^40^^62-  ^^  ^^  evidcut,  therefore,  that  at  present  we 
cannot  say  that  any  constant  difference  has  been  conclu- 
sively established,  although  there  is  a  slight  probability  in  re- 
garding peptones  as  hydrates  of  albumin. 

Different  peptones  have  been  described,  but  those  given  by 
Meissner  cannot  all  be  regarded  as  true  peptones.  KiJHNE 
distinguishes  hemipeptones  and  antipeptones,  the  former  being 
readily  capable  of  conversion  into  leucin  and  tyrosin  under  the 
action  of  trypsin,  while  antipeptones  resist  this  decomposition. 

Between  the  genuine  proteids  and  the  peptones  there  exist 
gradual  states  of  transition,  depending  only  on  different  states 
of  hydration,  a  peptone  being  capable  of  reconversion  into  pre- 
cipitable  albumin  by  treatment  with  dehydrating  agents,  such 
as  alcohol  and  salts  of  the  alkalies  ;  and  by  heating  a  peptone 
for  some. hours  to  130° — 140°  it  changes  more  or  less  com- 
pletely into  albumin  (Henninger). 

Preparation. — 1.  Some  freshly  jn-epared  fibrin  is  to  be  cut  up 
very  fine  and  covered  with  T)  to  G  times  its  vohimc  of  liydrochloricaoid 
(one-fifth  i)er  cent.).  As  soon  as  the  fibrin  has  assumed  a  transparent 
aspect  add  a  little  glycerin  solution  of  pepsin,  and  warm  the  whole  up 
to  40''  over  a  water  bath.     After  scv^eral  hoars  the  gelatinous  mass 
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will  have  disappeared,  and  an  opalescent  grey  solution  taken  its  place  ; 
strain,  and  render  the  filtrate  faintly  alkaline  with  sodic  carbonate. 
When  the  resulting  precipitate  has  settle<l,  filter;  boil  the  filtrate 
after  having  acidified  slightly,  and  filter  afresh.  From  this  last 
filtrate  the  peptone  is  precipitated  with  absolute  alcohol,  the  collected 
precipitate  extracted  with  ether  and  a  mixture  of  ether  and  alcoliol, 
and  the  residue  covered  with  absolute  alcohol  for  2  or  3  weeks.  The 
white  mass  is  then  filtered  from  the  alcohol  and  dissolved  in  a  little 
water  at  a  gentle  heat ;  the  filtrate  is  precipitated  with  absolute 
alcohol,  and  the  precipitate  dried  at  30'^  in  vacuo  (Adamkiewicz). 

2.  Digest  the  finely  divided  mucous  membrane  of  a  pig's  stomach 
for  some  time  with  1  litre  of  water  and  10  o.c.  hydrochloric  acid,  or 
add  the  glycerin  extract  of  the  same  raucous  membrane  to  the  same 
volume  of  water  and  acid.  Now  place  a  little  well- washed  fibrin  in 
some  of  the  above  digestive  fluid,  and  leave  it  aside  at  a  temperature 
of  40°  for  2  or  3  days ;  then  neutralise  with  carbonate  of  soda,  warm 
gently,  and  filter;  concentrate  the  filtrate  slightly  by  evaporation, 
and  dialyse  it  until  no  more  chloride  passes  through ;  concentrate  still 
further,  and  precipitate  with  absolute  alcohol ;  after  some  time  collect 
on  a  filter,  wash  with  alcohol  and  ether,  and  dry  in  vacuo  (Maly). 

Properties  and  Specific  Characters. — Peptones  possess  in  a, 
feeble  degree  the  character  of  acids ;  yet  they  appear  also  to 
form  combinations  with  acids.  The  solid  peptones  are  amor- 
phous, yellowish  white,  somewhat  translucent,  inodorous,  and 
hygrcseopic  powders,  that  are  very  soluble  in  water,  particularly 
when  warmed,  and  to  a  less  extent  in  dilute  alcohol,  while 
they  are  insoluble  in  absolute  alcohol,  ether,  and  chloroform. 

1.  Like  albumose  and  albumin,  peptones  in  neutral  or 
weakly  acid  solution  are  precipitated  by  mercuric  chloride, 
mercuric  nitrate,  silver  nitrate,  the  lead  acetates,  tannic,  picric, 
and  the  biliary  acids  ;  also  by  alcohol,  but  to  a  less  extent 
and  with  diflSculty ;  and  by  phospho-molybdic  and  phospho- 
tungstic  acid. 

2.  Unlike  albumin  and  albumose,  they  are  not  precipitated  by 
heat  and  mineral  acids,  nor  by  acetic  acid  and  potassic  ferro- 
cyanide,  cupric  sulphate,  ferric  chloride,  or  sodium  chloride,  nor 
by  neutralisation  of  their  acid  or  alkaline  solutions, 

3.  Their  solutions  diffuse  readily  through  animal  mem- 
branes, but  their  osmotic   power  is   comparatively  feeble ;  in 
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this  respect,  however,  they  differ  from  all  other  proteids,  which 
diffuse  with  the  greatest  difficulty,  or  not  at  all. 

4.  They  give  the  protein  reactions,  but  with  strong  caustic 
soda  and  a  mere  trace  of  a  dilute  cupric  sulphate  solution,  an 
intense  jpuvple-  or  rosy-red,  pinkish,  or  reddish  violet  colora- 
tion— the  so-called  biuret  reaction — appears  instead  of  a  blue  or 
violet  colour.  Albumose  gives  the  same,  and  albumin  only  a 
blue,  but  in  no  case  a  red  or  pink  coloration. 

5*  Like  the  albumins  generally  they  polarise  to  the  left, 
the  degree  of  polarisation  not,  however,  being  affected  by  heat, 
but  albumin  (of  egg)  peptone  polarises  more  powder  fully  than 
fibrin  peptone. 

6.  Peptones  and  acid  albuminates  are  thus  distinguished  : — 

Peptones.  Acid  Albuminates. 

The  aqueous  solutions,  when  The     slightly   acid     aqueous 

slightly  acidified,  are  not  precipi-  solution    is    precipitated     when 

tated  on  being  exactly  neutralised  exactly  neutralised, 
or  heated. 

Acids  produce   no   precipita-  Most  of  the  acids,  including 

tion  or  other  disturbance.  acetic,  give  a  precipitate  soluble 

in  excess. 

The  metallic   salts,  with  the  These  salts  give   slight   pre- 

exception   of  those   of  meicnry,  cipitates,  but  some  of  them  are 

give  no  precipitate.  soluble  in  excess. 

Assimilable  and  dialy sable.  Not  directly  assimilable,  and 

dialyse  with  difficulty. 

VI.  AMYLOID    SUBSTANCE,   LARDACEIN.— This   is   an 

amorphous,  friable,  white  substance  that  appears  to  be  a  fibrin 
derivative.  It  has  this  percentage  composition  :  C  5i>'6,  H  7*0, 
N  15*5,  0  22' 5,  S  1'3,  and  only  occurs  as  a  pathological  pro- 
duct. It  is  generally  found  in  the  form  of  little  transparent 
grains  or  corpuscles,  or  as  fine  granulations  with  concentric 
layers,  as  in  the  brain  and  prostate,  or  as  an  infiltration  in  the 
liver,  spleen,  kidneys,  and  walls  of  blood  vessels. 

Lardacein  is  insoluble  in  water,  alcohol,  ether,  dilute  acids, 
and  the  alkaline  carbonates  ;  it  neither  swells  in  saline  solu- 
tions nor  is  it  digested  by  gastric  juice  at  the  normal  tempera- 
ture of  the  body ;  it  is  soluble  in  strong  hydrochloric  acid,  the 
solution  when  diiuied  with  water  precipitating  syntonin,  and 
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when  boiled  with  dilute  sulphuric  acid  (1  :  6)  it  dissolves  with 
a  violet  colour,  and  with  strong  sulphuric  acid  furnishing  leucin 
and  ty rosin ;  the  alkalies  dissolve  it,  transforming  it  into  a 
substance  analogous  to  albuminose. 

Tests  and  Characteristics. — 1.  Amyloid  substance  gives  a 
reddish  hroivn  coloration  with  iodine,  not  a  yellow  stain,  as 
w^ith  ordinary  albumin  ;  with  iodised  chloride  of  zinc  it  gives 
a  more  marked  red  coloration  ;  and  if  a  little  iodine  solution  is 
first  added  to  it,  and  then  a  little  sulphiiric  acid,  a  violet  or 
blue  coloration  appears.  When  this  last  test  is  applied  to  an 
affected  organ,  as  in  the  post-mortem  room,  the  blue  obtained 
is  dark  and  dirty-lookiug,  not  the  bright  clear  blue  given  by  the 
purified  lardacein. 

2.  Anilin  violet,  or  methyl  anilin,  is  particularly  useful  for 
the  identification  and  demonstration  of  this  degeneration : 
healthy  tissues  are  stained  by  it  of  a  violet  or  blue,  but  the 
parts  that  have  undergone  amyloid  degeneration  take  a  rosy 
red  or  reddish  violet  colour.  This  test  is  chiefly  applicable  to 
the  staining  of  sections  for  microscopic  examination.  A  dilute 
watery  solution  of  the  violet  of  Paris  gives  good  results,  and  a 
few  minutes'  immersion  are  sufficient  to  effect  the  necessary 
staining.  Or  a  strong  watery  solution  may  be  made  and  the 
section  deeply  stained  therein  ;  it  is  then  to  be  washed  in  acetic 
acid  ( 1  to  2  per  cent.)  until  all  excess  of  colour  has  been  re- 
moved. 

3.  Eosin  stains  it  a  bright  red,  and  this  reagent  is  also 
applicable  to  microscopic  examination. 

4.  A  solution  of  the  body  in  strong  sulphuric  acid  gives  a 
purple  violet  colour  with  sugar  or  acetic  acid.  Purified  lardacein 
also  dissolves  readily  in  dilute  ammonia,  and  when  excess  of 
ammonia  has  been  driven  off  the  neutral  solution  gives  precipi- 
tates w^ith  dilute  acids. 

o.  It  also  gives  the  xanthoproteic  reaction,  and  the  red 
coloration  with  Millon's  reagent. 

To  extract  it  from  an  affected  orga,n,  cut  the  latter  in  pieces, 
remove  the  vessels  as  far  as  possible,  wash  in  cold  water,  and  boil ; 
treat  the  residue  with  alcohol  and  ether  ;  next  boil  repeatedly  with 
alcohol  acidulated  with  hydrochloric  acid,  and  then  digest  with  excess 
of  gastric  juice  at  40°  so  long  as  the  filtrate  gives  the  xanthoproteic 
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or  a  peptone  reaction.  Boil  the  insoluble  residue  once  more  in  spirit 
containing  hydrochloric  acid,  and  then  wash  thoroughly  with  water. 
Amyloid  substance  remains  behind. 

VII.  COAGULATED  ALBUMIN.— This,  as  we  have  already 
seen,  is  produced  by  the  action  of  heat  on  solutions  of  egg  and 
serum  albumin,  or  on  such  albumins  as  the  globulins  or  fibrin 
when  suspended  in  water  or  dissolved  in  saline  solutions  ;  also 
by  the  prolonged  action  of  absolute  alcohol  on  the  same  bodies. 

It  is  insoluble  in  water,  dilute  acids  and  alkalies,  and  neutral 
saline  solutions ;  but  it  is  soluble  in  strong  acids  and  alkalies, 
and  even  in  dilute  acids  and  alkalies  at  elevated  temperatures, 
in  both  cases  forming  albuminates  ;  further  it  is  easily  converted 
into  peptone  by  the  gastric  or  pancreatic  juices  at  the  blood 
heat,  and  is  coloured  yellow  by  iodine. 

VIII.  Two  special  forms  of  albumin,  METALBUMIN  and  PAR- 
ALBUMIN, will  here  be  referred  to,  although  their  true  constitution 
is  not  yet  accurately  known  and  the  accounts  given  of  them  are 
somewhat  conflicting.  They  were  first  found  in  ovarian  cysts  and 
ascitic  fluid.  They  are  thready  and  of  a  slimy  consistency,  only  im- 
perfectly precipitated  by  boiling,  and  their  precipitates  with  alcohol 
are  soluble  in  water. 

(a)  Metalbumin  has  been  regarded  by  some  writers  merely  as  a 
mixture  of  albumin  and  mucin.  It  has  been  found  in  ascitic  fluid 
and  in  certain  sei'osities. 

1.  Its  solutions  are  not  precipitated  by  acetic  or  hydrochloric  acid, 
or  by  acetic  acid  and  potassic  ferrocyanide,  and  boiling  merely  renders 
the  solution  cloudy  without  coagulating  it,  and  by  alcohol  it  is  pre- 
cipitated but  not  coagulated. 

2.  It  is  abundantly  precipitated  by  mercuric  chloride  and  by 
tincture  of  nut  galls. 

(/3)  Paralbumin. — It  is  doubtful  also  whether  this  body  is  a  true 
proteid  ;  it  generally  appears  to  be  associated  with  some  glycogen-like 
substance.  Haerlin  assigns  it  this  percentage  composition  :  C  51*8, 
II  6-9,  N  12-8,  S  1-7,  0  26-8.  It  has  been  met  with  in  the  fluid  of 
ovarian  cysts,  of  which  it  used  to  be  regarded  as  characteristic,  but  it 
has  likewise  been  met  with  elsewhere.  Its  alkaline  solutions  are  very 
ropy.  Peculiar  pear-shaped  cells  (Spencer  Wells)  are  described  as 
present  in  the  fluid  in  which  it  is  found,  and  also  granular  cells  some- 
what resembling  those  of  pus  ;  but  the  granular  appearance  of  tliese 
cells  is  not  removed  by  acetic  acid,  and  under  troatuient  with  ether 
the  granules  become  more  transparent  (Drysdale). 
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1.  In  aqueous  solution  it  is  precipitated  by  alcohol,  but  the  pre- 
cipitate dissolves  in  excess  of  water  at  35°  at  the  end  of  a  few  hours. 

2.  Boiling  precipitates  it  imperfectly,  causing  only  an  opalescence 
or  turbidity,  which  disappears  on  the  addition  of  strong  acetic  acid, 
although  flocculi  may  sometimes  show  themselves. 

3.  Acetic  acid  produces  a  turbidity  which  dissolves  in  excess  of 
acid  or  in  a  strong  solution  of  sodic  chloride,  in  this  respect  differing 
from  the  acetic  acid  precipitate  with  mucin,  which  is  insoluble  in 
excess  of  the  precipitant  or  in  sodic  chloride  solution. 

4.  Carbonic  acid  gas  passed  through  a  diluted  solution  gives  a 
tlocculent  precipitate. 

5.  Abundant  precipitates  are  also  given  by  nitric  acid,  ferro- 
cyanide  of  potassium  and  acetic  acid,  hydrochloric  acid,  mercuric 
chloride,  basic  acetate  of  lead,  and  tincture  of  nut  galls. 


CHAPTER   XIX. 

TABLE  IDENTIFYING   THE  CHIEF  DIFFERENT  FORMS   OF 

ALBUMIN 

I.  Soluble  in  Pure  Water. 

A.  Coagulated  by  heat,  and  not  precipitated  by  carbonic  acid. 

Native  albumins, 

1.  Serum  albumin,  not  precipitated  by  ether. 

2.  Egg  albumin,  precipitated  by  ether. 

B.  Not  coagulated  by  heat. 

Peptones. — Not  precipitated  by  sodic  chloride,  acids,  or 
alkalies,  nor  coagulated  by  prolonged  exposure  to 
alcohol ;  give  a  rose  colour  with  a  trace  of  cupric 
sulphate  and  much  caustic  soda. 

II.  Insoluble  in  Pure  Water,  but  Soluble  in  Dilate  Solutions 
of  Sodium  Chloride  (1  per  cent.) 

Globulins. — Coagulated  by  heat,  precipitated   by  carbonic 
acid,  and  easily  convertible  into  derived  albumins. 
A.  Precipitated  by  saturation  with  sodium  chloride. 
(a)  Coagulated  by  fibrin  ferment. 
1 .  Fibrinogen. 
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(J3)  Not  coagulated  by  fibrin  ferment. 

2.  Fibrinoplastin.—Vreciipihited  by  saturation 

with   magnesium    sulphate;  forms  hbrin 
with  fibrinogen  and  ferment. 

3.  Myosin.- Does  not  form  fibrin  with  fibrino- 

gen. 
B.  Not  precipitated  by  saturation  with  sodium  chloride. 

4.  Vitellin, 

5.  Crystallin. 

III.  Insoluble  in  Pure  Water  or  Dilute  Sodium  Chloride, 
but  Soluble  in  Acids  or  Gastric  Juice. 
A.  Soluble  in  dilute  hydrochloric  acid  or  dilute  alkalies. 

(a)  Derived  albumins  or  albuminates  (soluble  in  the 
dilute  acid— one-tenth  per  cent. — in  the 
cold). 

1.  Precipitated  by  neutralisation  in  presence  of 

alkaline  phosphates. 

Acid  Albumin. — Precipitated  by  satu- 
ration with  sodium  chloride,  in- 
soluble in  hot  spirit. 

2.  Not  precipitated  by  neutralisation  in  presence 

of  alkaline  phosphates. 

Alkali  Albumin. — Treated  with  strong 
caustic  potash,  potassium  sulphide 
not  formed  ;  soluble  in  hot  spirit ; 
not  coagulable  by  rennet. 
Casein.— Re-died  with  caustic  potash, 
potassic    sulphide   is  formed.     Is 
coagulated  by  rennet. 
(/3)  Fibrin.— [To  dissolve  in  dilute   hydrochloric  acid 
(one-tenth  per  cent.)  it  requires  to  be  heated  for 
several  hours  up  to  40°  or  60°.] 

Not  soluble  in  one-tenth  per  cent,  hydro- 
chloric acid  in  the  cold,  this  only  causing  it  to 
swell  up,  but  readily  dissolved  on  the  addition  of 
a  little  pepsin. 

Olives  a  blue  coloration  with  freshly  prepared 
tincture  of  guaiacum  and  hydric  peroxide. 
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B.  Insoluble   in   dilute   acids  and   alkalies,  but   easily  soluble 

when  digested  with  gastric  or  pancreatic  juice,  forming 
peptones. 

Coagulated   Albumin, — The    protein    reactions    are 
easily  obtained  with  the  dry  solid. 

C.  Insoluble  in  water,  sodium  chloride,  dilute  acids,  or  gastric 

juice  ;  soluble  in  the  stronger   alkalies   and  in   strong 
hydrochloric  acid. 

Amyloid   Substance. — Gives   a  reddish    colour  with 

iodine,  a  blue  with  iodine  and  sulphuric  acid,  and 

a  rosy  red  with  methyl  violet. 


CHAPTER   XX, 
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These  bodies  are  closely  allied  to  the  albumins,  but  when 
treated  with  acids  or  dilute  bases  they  do  not,  like  them,  yield 
syntonin.  Ossein  and  gelatin  are  types.  They  are  poorer  in 
carbon,  but  mostly  richer  in  nitrogen  than  the  albuminoids. 
A  common  property  possessed  by  them  is  that  of  their  hot 
aqueous  solutions  solidifying  into  jellies  on  cooling. 

The  alimentary  value  of  gelatinous  bodies  is  still  involved 
in  some  uncertainty.  They  are  stated  by  Majendie  and  others 
to  have  no  alimentary  value,  but  others  again  are  of  opinion 
that  they  possess  real  nutritive  properties,  to  some  extent 
forming  a  substitute  for  other  plastic  material,  and  therefore 
by  their  admixture  with  the  food  admitting  without  disadvan- 
tage of  a  diminution  in  the  proteids  (Bischoff  and  Voit).  Even 
elastin,  it  is  now  stated,  is  dissolved  by  the  gastric  juice,  furnish- 
ing peptone  (Etzoger,  Horbaczewski). 
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iThe  cliief  collagens  are  ossein,  r/elatin,  and  chondrin  ;  an 
allied  body  is  wucin,  and  accordingly  for  convenience  sake  it 
will  be  described  at  the  same  time,  as  also  elastin. 

I.  GELATIN  {Glutin).— When  some  dried  and  purified 
l^wdered  bone  is  digested  with  dilute  hydrochloric  acid  (U) 
per  cent.^,  the  earthy  salts  will  be  slowly  removed  and  the 
body  called  ossein  will  remain  behind.  Dry  bones  yield  29  to 
30  per  cent,  of  this  body.  It  is  insoluble  in  water,  hot  or  cold, 
lj)ut  when  heated  in  a  Papin's  digester  it  is  dissolved  and  yields 
gelatin  ;  indeed,  ossein  and  gelatin  have  almost  the  same  com- 
position, and  by  boiling  ossein  with  water  it  is  very  rapidly  and 
completely  changed  into  gelatin.  It  does  not,  however,  yield 
glucose  when  boiled  with  acidulated  water. 

Collagen  is  the  name  given  to  the  substance  of  which  white 
fibrous  connective  tissue  consists,  although  it  is  not  present  in 
their  embryonic  condition.  The  action  of  boiling  water  con- 
verts it  into  gelatin.  After  30  hours'  boiling  collagen  no  longer 
gelatinises,  but  is  resolved  into  two  peptones,  one  insoluble  in 
alcohol  and  precipitated  by  platinic  chloride  {semighdin),  the 
other  soluble  in  alcohol  but  precipitated  by  the  platinum  salt 
(hemicollin) — Cjo^Hj^gNgjOgg  (collagen)  ^G^^H^J^^^O^^  {semi- 
ghUin)  +  C^.H^oNj^Ojj,  {hemicollin)  (Hofmeister). 

To  prepare  the  collagen  pieces  of  tendon  are  sliced  thin,  soaked 
for  some  time  in  cold  water,  then  for  several  days  in  weak  lime  or 
baryta  water ;  afterwards  washed  in  water,  then  in  very  dilute  acetic 
acid,  and  again  in  water.  The  residue  thus  obtained  is  collagen  mixed 
with  some  elastic  tissue. 

The  collagen  and  ossein  appear  to  be  closely  allied,  if  not 
identical. 

Long- continued  boiling  of  white  fibrous  tissue,  skin,  or 
l)one  yields,  as  we  have  seen,  a  watery  solution  of  gelatin. 
Gelatin  is  later  in  its  appearance  than  either  mucin  or  chondrin, 
for  while  certain  embryonic  tissues  yield  mucin  and  chondrin 
on  boiling,  they  give  no  gelatin,  though  this  replaces  them 
when  these  tissues  have  undergone  development. 

Fitre  gelatin  is  prepared  from  commercial  gelatin  by  soaking  the 
latter  several  days  in  distilled  water,  which  is  changed  fiom  time  to 
time.  It  will  then  have  swollen  up  considerably,  and  is  next  to  be 
dissolved  in  distilled  water  with  the  aid  of  heat.     After  the  solution 
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has  stood  some  time,  to  allow  any  sediment  present  to  fall,  it  is  filtered 
hot  into  90  per  cent,  alcohol,  when  the  gelatin  will  separate  in  thready 
masses.  These  are  tol)e  collected,  cut  fine,  and  dried,  first  in  the  air 
and  then  over  a  water  bath. 

It  is  also  readily  prepared  by  dissolving  ismglass  in  dilute  hydro- 
chloric acid,  and  dialysing  the  solution. 

Properties. — In  the  pure  state  gelatin  is  slightly  yellowish 
or  almost  colourless,  transparent,  vitreous,  and  tasteless  ;  it 
swells  in  cold  water  without  dissolving,  but  is  readily  soluble  in 
hot  water  or  hot  glycerin,  the  solution  setting  or  gelatinising 
on  cooling,  even  one-tenth  per  cent,  solutions  possessing  this 
property  ;  but  long-continued  boiling,  either  alone  or  after  the 
addition  of  a  little  nitric  or  acetic  acid,  or  heating  up  to  1 40° 
in  a  sealed  tube,  destroys  this  power  of  setting.  Gelatin  is 
soluble  in  dilute  acetic  or  other  acids,  but  is  insoluble  in  oils, 
alcohol,  and  ether.  Its  watery  solutions  polarise  to  the  left 
(about  130°  at  30°). 

Solutions  of  gelatin  take  up  more  calcic  phosphate  than 
does  pure  water.  Its  alkaline  solutions  dissolve  cupric  oxide 
with  a  violet  colour,  which  on  long  boiling  becomes  yellowish 
red,  but  without  any  separation  of  reduced  oxide,  as  this  is  solu- 
ble in  alkaline  gelatin  solutions :  its  j)resence,  therefore,  inter- 
feres with  Trommer's  test  for  sugar. 

In  the  direct  sunlight  gelatin  combines  with  potassic  chro- 
mate,  forming  a  yellow,  insoluble,  amorphous  mass. 

Derivatives. — As  the  result  of  putrefaction  gelatin  is  de- 
composed, and  among  the  products  we  have  a  little  leucin  and 
much  glycocin,  ammonia  and  some  of  the  fatty  acids  also  being 
present,  but  no  tyrosin. 

When  1  part  of  gelatin  is  boiled  with  4  parts  of  sulphuric 
^acid  and  12  parts  of  water  for  36  hours,  excess  of  milk  of  lime 
or  baryta  then  added,  the  whole  boiled  and  filtered,  the  filtrate 
acidified  with  sulphuric  acid,  again  filtered  and  evaporated  to  a 
small  bulk,  granular  crystals  of  glycocin  or  amido-acetic  acid 
(CgHrjNOg)  will  be  obtained.  These  form  rhombic  transparent 
prisms  that  possess  a  sweetish  taste  and  are  insoluble  in  alcohol 
and  ether.  By  the  prolonged  action  of  hydrochloric  acid  at  38"*, 
or  of  acid  pepsin,  a  gelatin  peptone  is  obtained  which  is  diffusible 
but  no  longer  gelatinises. 
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Further,  if  boiled  some  hours  with  strong  caustic  potash, 
then  neutralised  with  sulphuric  acid,  evaporated  to  a  small 
bulk,  and  the  residue  extracted  with  hot  alcohol,  leucin  will  be 
obtained  on  evaporating  the  alcohol. 

Tests. —  1.  Gelatin  solutions  are  precipitated  by  mercuric 
and  platinic  chlorides,  tannic  acid,  alcohol,  and  chlorine  water,  the 
precipitates  being  more  or  less  viscid  and  slimy,  separating  im- 
perfectly, and  insoluble  in  alcohol,  ether,  and  water,  but  soluble 
in  the  alkalies.  With  the  mercuric  chloride  and  tannic  acid 
the  precipitates  are  insoluble. 

2.  G-elatin  is  not  precipitated  from  its  watery  solutions  by 
acids,  acetate  of  lead,  or  by  alum. 

3.  By  its  property  of  gelatinising  it  is  possible  to  identify 
gelatin  if  its  solution  is  not  too  dilute. 

4.  Gelatin  is  distinguished  from  a  proteid  by  giving  no  pre- 
cipitate with  acetic  acid  and  potassic  ferrocyanide,  or  with  most 
metallic  salts ;  and  from  chondrin  by  not  being  precipitaj:ed  by 
acetic  acid.  Watery  solutions  polarise  to  the  left  to  a  less  ex- 
tent than  solutions  of  chondrin. 

II.  CHONDRIN. — When  the  permanent  cartilages  are 
boiled  chondrin  is  obtained  as  the  product ;  it  is  derived  from 
the  intercellular  substance  and  the  capsules,  but  not  from  the 
cells  themselves.  A  somewhat  similar  body  is  obtained  by  boil- 
ing the  cornea.  The  name  chondrogen  is  given  to  the  material 
of  which  this  intercellular  substance  is  composed,  just  as  the 
name  collagen  is  applied  to  the  constituent  principle  of  white 
fibrous  tissue  which  yields  gelatin  on  boiling. 

Preparation. — Boil  some  costal  cartilage  for  about  half  an  hour, 
then -detach  the  perichondrium  and  cut  the  cartilage  into  as  small 
pieces  as  possible,  which  are  to  be  macerated  some  hours  in  cold  water 
and  then  heate(3  up  to  120°  for  two  or  three  hburs  in  a  Papin's 
digester  under  a  pressure  of  two  or  three  atmospheres,  or  boiled 
instead  for  24  to  48  hours  or  so  at  ordinary  pressures.  Filter  the 
hot  extract  rapidly,  evaporate  the  filtrate,  and  after  treating  the 
residue  with  cold  water  dry  and  reduce  it  to  powder,  and  having 
boiled  it  with  alcohol  dry  it  again.  Or  acetic  acid  can  be  added  to 
the  filtrate,  and  the  precipitated  chondrin  can  be  exhausted  with 
alcohol  and  ether,  and  then  dried  (Hoppe  Seyler). 

Properties. — Dry  chondrin  forms  a  hard,  translucent,  yellowish 


THE   COLLAGENS.  131 

mass,  insoluble  in  alcohol  and  ether,  swelling  up  in  cold,  but 
dissolving  in  hot  water  and  alkaline  solutions.  Like  gelatin  the 
solution  of  chondrin  in  hot  water  sets  when  the  solution  cools, 
but  by  prolonged  ebullition,  or  by  treatment  with  alkalies,  solu- 
tions of  both  bodies  lose  this  property.  A  w^atery  or  alkaline 
solution  has  a  polarising  power  =  —213*5°,  but  as  high  as 
—  552°  with  excess  of  alkali  (Hoppe  Seyler). 

Derivatives.^-Chondrin  is  closely  allied  in  its  characters  to 
gelatin,  as  they  both,  when  decomposed  by  boiling  with  baric 
hydrate,  give  the  same  products,  except  that  chondrin  yields 
three  times  as  much  acetic  acid  as  gelatin ;  but  when  decomposed 
with  sulphuric  acid  chondrin  only  yields  leucin  and  little  or  no 
tyrosin  and  glycocin.  Chondrin  also,  on  being  boiled  a  long 
time  with  hydrochloric  or  sulphuric  acids,  §r  when  digested  with 
gastric  juice,  furnishes  a  substance  resembling  an  acid  albumin, 
as  well  as  a  nitrogenous  body  (chondroglucose)  capable  of 
reducing  cupric  sulphate  in  alkaline  solutions,  crystallising  and 
fermenting,  however,  with  difficulty,  and  polarising  to  the  left 
(Bodecker)  ;  accordingly  it  may  be  regarded  as  a  nitrogen- 
holding  glucoside.     In  this  respect  mucin  resembles  chondrin. 

Chondrin  can  be  changed  into  gelatin  under  the  influence 
of  oxidising  agents  (Brame)  ;  and  in  the  organism  a  similar 
change  occurs,  as  when  cartilage,  yielding  chondrin,  gives  place 
to  bone,  yielding  gelatin.  But  chondrin  "is  something  more 
than  3  per  cent,  poorer  in  nitrogen  than  gelatin.  In  spite, 
however,  of  these  points  of  difference  there  seems  some  proba- 
bility in  MoROCHOWiTz's  opinion  that  chondrin  and  gelatin  are 
identical,  chondrin  only  differing  from  gelatin  in  being  a  mix- 
ture of  this  body  with  mucin  and  salts. 

Characteristics  and  Tests. — 1.  Chondrin  as  well  as  gelatin  are 
distinguished  from  albumin  in*  that  their  solutions  in  acetic  or 
phosphoric  acids  are  not  precipitated  by  potassic  ferrocyanide, 
and  they  are  both  precipitated  by  alcohol  and  chlorine  w^ater. 

2.  Dilute  tnineral  acids  precipitate  it  readily,  but  the  pre- 
cipitates are  readily  soluble  in  excess. 

3.  The  Organic  Acids, — Acetic  acid  gives  a  white  precipitate, 
which  is  insoluble  except  in  a  very  large  excess  ;  but  the  pre- 
cipitate does  not  occur  in  presence  of  neutral  salts  of  the  alka- 
lies or  alkaline  earths,  and  sometimes  not  with  impure  solutions. 

K  2 
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Tartaric,  citric,  and  oxalic  acids  have  the  same  action,  but 
the  oxalic  acid  precipitate  is  soluble  in  excess. 

Tannic  acid  gives  no  precipitate,  only  an  opalescence. 

4.  The  salts  of  most  of  the  heavy  metals,  as  lead,  copper,  silver, 
and  iron,  give  precipitates  that  are  wholly  or  partly  soluble  in 
excess.  The  lead  precipitate  is  insoluble  in  excess,  and  no  pre- 
cipitate, but  only  an  opalescence,  is  given  with  mercuric  chloride. 

6," Alum,,  which  gives  no  precipitate  with  gelatin,  precipi- 
tates chondrin,  but  the  precipitate  disappears  on  the  addition 
of  excess  of  alum. 

III.  MUCIN. — This  body  is  contained  in  the  cement  sub- 
stance of  the  connective  tissues,  but  it  is  specially  abundant  in 
the  embryonic  condition  of  these  tissues  and  in  the  jelly-like 
variety ;  it  is  met  with  also  in  the  cement  between  the  cells  of 
the  epidermis,  and  is  likewise  one  of  the  excretion  products  of 
the  protoplasm  of  the  epithelial  cells  lining  mucous  surfaces, 
and  of  the  secreting  mucous  cells  of  the  submaxillary  and  sub- 
lingual glands  ;  it  is  further  largely  present  in  the  bile. 

Its  structure  is  unknown,  and  the  composition  assigned  to 
it  varies,  but,  according  to  Eichwald  and  Scherer,  its  average 
percentage  composition  may  be  taken  as  C  =  49-5,  H  =  6"7, 
N  =  9-6,  0==34-2.  Dry  mucin  yields  about  2*44  per  cent,  of 
ash,  and  contains  no  sulphur. 

Mucin  is  a  nitrogenous  glucoside,  and  it  is  probably  an 
albumin  derivative.  Hoppe  Seyler,  indeed,  now  classifies  it 
with  the  albumins. 

Preparation.  1. — Cut  the  submaxillary  glands  of  an  ox  into  small 
pieces,  and  after  washing  these  in  a  little  water  digest  them  for  some 
time  in  water,  then  filter  and  precipitate  the  mucin  in  the  filtrate  with 
acetic  acid ;  collect  on  a  filter  and  wash  thoroughly  with  water ;  next 
dissolve  the  precipitate  with  milk  of  lime,  filter,  and  add  acetic  acid ; 
the  mucin  thus  precipitated  is  to  be  washed  with  water,  and  then  with 
alcohol  and  ether  in  succession. 

Or  the  cleaned  glands  are  minced  and  rubbed  up  with  powdered 
glass,  the  mass  covered  with  water  and  filtered  after  12  hours,  and 
the  extraction  repeated.  The  filtrate  is  precipitated  with  excess  of 
acetic  acid,  the  separated  mucin  washed  with  water  and  a  little  acetic 
acid,  then  with  warm  alcohol,  and  finally  dried  (Obolensky). 

2.  Digest  finely-divided  tendon  with  distilled  water,  and  then  with 
large  quantities  of  lime  or  baryta  water,  from  which  the  mucin  is  sub- 
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sequently  precipitated  by  acetic  acid ;  filter  and  wash  the  precipitate 
with  water  and  dilute  spirit  (Rollett). 

3.  To  extract  mucin  from  bile  add  to  the  bile  its  own  volume  of 
spirit  (85  per  cent.);  the  mucin  is  precipitated;  separate  it  by  de- 
can  tation  and  wash  with  more  spirit.  Dissolve  up  the  mucin  in  lime 
or  baryta  water,  filter  after  some  time,  and  reprecipitate  by  excess  of 
acetic  acid ;  collect  on  a  filter,  and  wash  it  there  with  water,  alcohol, 
and  ether. 

Properties. — Mucin  generally  presents  itself  in  white  or 
yellow  thready  and  tenacious  masses.  It  swells  up  in  water 
without  dissolving,  but  being  readily  miscible  with  it ;  if  boiled 
with  the  water,  however,  for  some  time,  a  little  of  the  mucin 
enters  into  imperfect  solution.  It  is  soluble  in  dilute  hydro- 
chloric acid  (5  per  cent.),  in  pancreatic  juice,  and  in  weak  alka- 
line solutions,  but  insoluble  in  alcohol,  ether,  chloroform,  dilute 
acetic  acid,  very  dilute  mineral  acids  (1  per  cent,  hydrochloric), 
or  gastric  juice.  Acetic  acid  causes  it  to  shrink,  and  caustic 
potash  renders  it  at  first  more  thready  and  then  dissolves  it. 

Its  neutral  solutions  are  not  coagulated  by  heat,  and  to  these 
solutions  it  communicates  a  certain  degree  of  viscosity,  even 
when  present  in  small  amount. 

Its  solutions  are  precipitated  by  alcohol,  alum,  basic  acetate 
of  lead,  acetic  acid,  and  the  dilute  mineral  acids,  being  soluble, 
however,  in  excess  of  the  last ;  they  are  not  precipitated  by 
cupric  sulphate,  mercuric  chloride,  or  potassic  ferrocyanide, 
but  when  the  last  salt  is  added  to  a  boiled  solution  of  the 
mucin  in  glacial  acetic  acid  a  white  precipitate  is  formed. 

Mucin  gives  a  rosy  red  coloration  with  Millon's  reagent, 
and  a  yellow  colour  with  nitric  acid.  Xdke  grape  sugar  its  pre- 
sence renders  the  precipitate  given  by  the  caustic  alkalies  with 
cupric  sulphate  soluble  in  excess,  but  leads  to  no  change  of 
colour  on  boiling  the  solution. 

Derivatives.— Mucin  is  decomposed  when  boiled  with  a 
dilute  mineral  acid  like  sulphuric  into  an  acid  albuminoid 
material  and  a  body  like  sugar  in  its  reducing  powers,  but  not 
fermentable  (Eichwald).  When  boiled  for  a  considerable  time 
with  sulphuric  acid  diluted  with  its  own  weight  of  water,  leucin 
and  tyrosin  are  obtained  in  abundance,  as  well  as  about  7  per 
cent,   of  the    compound   ammonias  (Stadeler).     Eichwald's 
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mucin  peptone  is  obtained  by  dissolving  mucin  in  excess  of  lime 
water,  boiling  the  solution  until  it  gives  no  precipitate  with 
acetic  acid,  then  passing  a  current  of  carbonic  acid  gas  through 
the  solution,  filtering,  evaporating  the  filtrate  to  a  small  bulk, 
and  precipitating  with  alcohol. 

In  the  annexed  table  gelatin,  chondrin,  and  mucin  are  com- 
pared. 


Gelatin 

Chondrin 

Mucin             1 

1.  Acetic  acid  . 

Gives    no    precipi- 

A precipitate  solu- 

A precipitate  not 

1 

tate,  but  dissolves 

ble   in   solutions 

soluble  in  solu- 

in the  acid ;    is 

of  the    alkaline 

tions  of  the  alka- 

precipitated from 

salts 

line  salts 

its  solution  when 

warmed  with  the 

alkaline  salts 

-. 

2.  Mineral  acids  No  precipitate 

A  precipitate  solu- 

A precipitate  solu- 

ble in  excess  and 

ble  in  excess 

in  neutral  saline 

and  alkaline  solu- 

tions 

3,  Tannic  acid 

A  yellowish  preci- 

Only    an     opales- 

— 

pitate 

cence 

4.  Acetate      of 

No  precipitate 

k    heavy    precipi- 

Precipitated     by 

lead 

tate,  partly  solu- 

basic acetate  of 

ble  in  excess 

lead 

5.  Alum  . 

No  precipitate 

A  precipitate  solu- 
ble in  excess 

A  precipitate 

6.  Me Tfi uric 

An  abundant  white 

No  precipitate,  only 

Only  a  slight  tur- 

chlorid,e 

precipitate 

an  opalescence 

bidity 

7.  When  decom- 

Leucin    and    gly- 

Leucin,     but      no 

Leucin  and  tyro-  j 

posed      by 

cocin      formed ; 

glycocin  formed ; 

sin  and  a  body  i 

boiling  di- 

no sugar 

also  chondroglu- 

like  chondroglu- 

lute  acids 

cose 

cose  make  their 
appearance 

Pathology. — In  certain  abnormal  aflfections  included  under  the 
term  myxoedema,  there  is  generally  observed  a  jelly-like  swelling  of 
the  connective  tissue,  due  in  part  to  an  increase  in  its  cement  sub- 
stance (Ord). 

To  obtain  this  mucin,  mince  the  skin  finely  and  digest  with  water 
for  several  days,  filter,  and  precipitate  the  filtrate  with  excess  of  acetic 
acid  ;  separate  the  precipitate  after  several  hours  have  elapsed,  then 
dissolve  it  in  lime  or  baryta  water,  and  after  twenty-four  hours 
reprecipitate  with  acetic  acid.  The  precipitate  thus  obtained  is  to 
be  washed  with  water,  alcohol,  and  ether,  and  subsequently  dried. 

It  is  sometimes  an  advantage  to  immerse  the  skin  in  methylated 
spirit  for  several  days,  and  then  to  digest  at  once  in  baryta  water. 
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IV.  ELASTICIN  or  ELASTIN  is  the  name  given  to  the 
substance  composing  the  fibres  of  yellow  elastic  tissue.  Al- 
though it  is  very  closely  related  to  keratin  it  will  be  described 
here  for  the  sake  of  convenience. 

To  pr(i2)are  it  cut  the  ligamentum  nuchse  of  a  giraffe,  horse,  or  ox 
into  thin  pieces,  and  exhaust  them  successively  with  ether,  hot  alcohol, 
boiling  water,  strong  acetic  acid,  and  1 0  per  cent,  caustic  soda,  allow- 
ing the  boiling  in  the  water  to  continue  for  at  least  36  hours,  or  for  a 
shorter  time  at  a  temperature  of  120°  in  sealed  tubes,  and  for  about 
6  hours  in  the  acetic  acid.  After  the  action  of  the  soda  the  tissue 
remaining  is  again  boiled  with  dilute  acetic  acid,  then  well  washed  in 
water,  and  afterwards  placed  24  hours  or  so  in  dilute  hydrochloric 
acid  to  neutralise  the  alkali ;  finally  the  acid  is  removed  by  washing 
the  residue  in  hot  water. 

Pi-operties. — The  elasticin  thus  obtained  appears  as  a  brittle 
yellowish  mass,  which  recovers  its  elasticity  and  fibrous  appear- 
ance if  soaked  in  dilute  acetic  acid.  If  digested  for  12  hours 
or  so  with  strong  boiling  caustic  potash  a  brownish  solution  is 
obtained,  which,  if  neutralised  with  sulphuric  acid,  will  give  a 
precipitate  with  tannic  acid.  It  dissolves  in  strong  nitric  and 
sulphuric  acids,  and  the  solution,  if  warmed,  yields  30  to  40 
per  cent,  leucin  but  no  ty rosin. 

The  percentage  composition  of  elastin  (C  54*32  ;  H  6*99  ; 
N  16*75;  ash  0*5 — Etzinger)  as  well  as  some  of  its  reactions, 
such  as  the  red  coloration  with  Millon's  reagent,  seem  to 
indicate  its  derivation  from,  and  its  close  connection  with,  the 
albumins. 


CHAPTER   XXI. 

LEUCIN  AND   TYRO  SIN. 


These  two  bodies,  which  are  important  proteid  derivatives,  will 
be  here  described  in  detail. 

LEUCIN,  or  Amido-caproic  Acid  rC6Hu(NH2)02  or  CeHjgNO^ 

=  I  p-^  AVr    ^    5  belongs  to  the  fatty  bodies  and  is  found  in 

many  of  the  organic  tissues,  particularly  the  pancreas,  spleen, 
thymus,  salivary  glands,  and  also  in  the  lungs  and  brain.  It  is  a 
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constant  decomposition  product  of  albumin  and  nitrogenised 
substances,  as  horn,  &c.,  and  can  be  obtained  from  any  of  these 
by  the  action  of  alkalies  or  acids,  or  as  the  result  of  trypsin  diges- 
tion or  of  decomposition.  If  cheese,  for  example,  is  moistened 
and  allowed  to  decompose,  leucin  will  be  formed,  and  can  be 
removed  from  the  decomposing  mass  by  the  action  of  water. 

Tyrosin  frequently  accompanies  leucin,  particularly  in  urine, 
but  the  gelatinous  tissues  furnish  no  tyrosin. 

Preparation. — 1.  Digest  the  following  mixture  for  6  hours  at  45°  : 
fibrin  and  bullock's  pancreas  1  kilo,  each,  water  6  litres,  thymol  4  to 
6  grams.  Then  boil  and  acidulate  with  acetic  acid,  filter,  and  evapo- 
rate the  filtrate,  when  leucin  and  tyrosin  will  separate.  The  deposit 
is  to  be  collected,  and  by  heating  it  with  water  leucin,  which  dissolves 
readily,  can  be  separated  from  the  tyrosin,  which  is  not  so  soluble. 

2.  Shavings  of  horn  form  an  easy  source.  Boil  a  quantity  of  these 
shavings  for  3  or  4  hours  in  twice  their  weight  of  dilute  sulphuric 
acid  (20  per  cent.)  in  a  vessel  connected  with  a  condenser;  then  treat 
with  excess  of  milk  of  lime  or  chalk,  and  boil  again  for  the  same 
period  as  previously ;  now  filter,  and  after  the  addition  of  a  slight 
excess  of  sulphuric  acid  filter  again.  The  filtrate  concentrated  by 
evaporation  is  set  aside  to  crystallise.  Purify  the  crystals  by  boiling 
them  with  water  and  lead  hydrate,  filter,  pass  sulphuretted  hydrogen 
through  the  filtrate  to  separate  the  lead,  filter  again,  and  evaporate 
the  filtrate  to  dryness.  The  residue,  when  dissolved  in  boiling  dilute 
spirit,  and  the  solution  cooled  and  evaporated  down  to  a  small  bulk, 
will  give  crystals  of  leucin. 

3.  Fuse  dried  albumin  with  its  own  weight  of  caustic  potash,  and 
when  a  well-marked  yellow  colour  is  attained  allow  the  mass  to  cool, 
and  then  digest  it  in  water ;  filter  after  some  time,  acidify  the  filtrate 
slightly  with  acetic  acid,  and  concentrate  to  a  small  bulk  :  tyrosin  is 
first  deposited,  and  then  leucin  (Bopp). 

Properties. — It  generally  presents  itself  in  white  shining 
lamellae,  that  are  fatty  to  the  touch,  insoluble  in  ether  and 
chloroform,  easily  soluble  in  alkalies  and  acids,  but  more  soluble 
in  the  same  fluids  when  boiling.  Leucin  is  not  very  soluble  in 
cold  water  or  spirit.  It  crystallises  from  its  aqueous  solutions 
in  slightly  refracting,  more  or  less  brown -tinted  spherical 
masses,  that  exhibit  a  fine  radial  striation  often  associated  with 
the  appearance  of  concentric  rings  ;  these  balls  are  made  up  of 
a  great  series  of  concentrically  grouped,  very  thin,  white,  glisten- 
ing plates  or  fine  needles.     When  pure,  the  crystals  are  gene- 
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rally  flat,  thin,  and  white  ;  but  the  rounded  lumps  are  more 
frequent  when  the  laucin  is  at  all  impure. 

It  sublimes  unchanged  at  a  moderate  heat  with  the  odour  of 
amylamine,  and  condenses  in  woolly  masses  consisting  of  ex- 
tremely thin  rhombic  plates,  grouj^ed  in  rosettes. 

Leucin  forms  easily  soluble  salts  with  hydrochloric,  nitric, 
and  sulphuric  acids ;  it  combines  also  with  the  salts  of  lead  and 
silver. 


Fia.  15.— Chystals  op  Leucin  (Diffeiiext  Fokms). 

(Crystals  of  kreatiiuii  chloride  of  zinc  resemble  the  leuciu  crystals  depicted  at  a,)    The 
crystals  figured  towards  the  right  consist  of  comparatively  impure  leuciu. 

Tests. — -1.  Place  a  few  crystals  on  platinum  foil,  add  a  drop 
of  nitric  acid,  and  evaporate  gently  ;  heat  the  colourless  residue 
after  the  addition  of  a  few  drops  of  caustic  soda :  a  yellow  or 
brown  mass  is  obtained,  which  forms  an  oily  drop  (Scherer). 

2.  Boil  a  dilute  solution  with  excess  of  cupric  hydrate,  and 
on  cooling  bright  violet  scales  are  deposited. 


I 


To  Detect  in  Urine. — Evaporate  the  urine  to  dryness ;  treat  the 
residue  with  cold  absolute  alcohol  and  then  extract  it  with  boiling 
spirits  :  leucin  crystalUses  from  this  on  cooling.  Examine  the  deposit 
under  the  microscope  after  24  hours.  The  leucin  balls  may  be  con- 
founded with  those  of  urate  of  ammonia,  but  the  latter  have  a  darker 
contour  and  are  scarcely  soluble  in  alcohol.  The  deposit  may  be  dis- 
solved in  water,  basic  lead  acetate  added  in  excess,  filtered,  and  sul- 
phuretted hydrogen  passed  through  the  filtrate  to  separate  excess  of 
lead ;  the  filtrate  from  this  last  is  evaporated  to  dryness,  and  the 
residue  boiled  with  strong  spirit,  which  dissolves  up  the  leucin  but 
deposits  it  on  cooling.  A  little  of  the  leucin  thus  prepared  is  to  l)e 
carefully  dried  and  sublimed  in  a  small  tube  :  it  is  deposited  in  woolly 
masses,  part  of  it,  however,  being  decomposed  and  evolving  the  smell 
of  amylamin. 
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To  Separate  Leucin  from  Organs  m  which  it  is  Contained. — Cut 
up  the  organ  (a  pancreas,  for  example)  into  little  bits,  add  water,  and 
rub  up  thoroughly  with  finely  broken  glass  in  a  mortar;  now  express 
firmly  through  a  cloth,  and  having  acidified  the  watery  extract  with 
acetic  acid,  boil  and  filter  to  separate  the  precipitated  albumin ;  add 
basic  acetate  of  lead  to  the  filtrate,  filter  again,  and  separate  any  lead 
in  the  filtrate  with  hydric  sulphide.  The  filtrate  from  the  last  is 
evaporated  to  a  syrup,  treated  with  strong  boiling  alcohol,  and  tha 
alcoholic  extract  evaporated  to  dryness. 

Pathology. — Both  leucin  and  tyrosin  may  present  them- 
selves in  urine  in  acute  yellow  atrophy  of  the  liver,  and  in 
malignant  jaundice  the  crystals  of  both  bodies  may  be  found 
in  the  hepatic  veins.  In  the  urine  it  may  also  be  met  with  in 
severe  cases  of  tophus  and  variola  (Winiwarter),  and  in  acute 
phosphorus  poisoning ;  occasionally  also  after  epileptic  fits  and 
brain  injuries,  and  in  leucocythsemia.  In  a  few  cases  both 
bodies  have  been  seen  in  the  saliva  and  bile. 

TYROSIN  (C,H„N03  =  CA<05^(j,H,)CO.OH)  is  a  mem- 

ber  of  the  aromatic  group  derived  from  benzene  (CgHg).  It 
may  be  regarded  as  an  alanin  in  which  hydrogen  is  replaced  by 
oxyphenol.  As  a  normal  constituent  of  the  body  it  does  not 
probably  exist  except  as  a  product  of  pancreatic  digestion 
(Kadziejewsky). 

Almost  all  proteids  furnish  this  body  under  the  action  of 
strong  oxidation  agents ;  thus  it  is  obtained  by  the  decompo- 
sition of  albumin,  gelatin,  horn,  elasticin,  and  mucin  under  the 
action  of  acids  and  alkalies,  and  by  the  pancreatic  digestion  of 
albumins,  &c. ;  it  has  likewise  been  prepared  synthetically 
(Erlenmeyer). 

Preparation.  1.  From  Horn  Shavings. — Boil  1  kilo,  with  2  kilos, 
strong  sulphuric  acid  and  10  kilos,  water  for  16  hours.;  dilute  the  hot 
mass  with  three  times  its  volume  of  water,  and  neutralise  with  thin 
milk  of  lime;  filter  and  wash  the  precipitate  with  boiling  water. 
Evaporate  the  filtrate  and  washings  to  half  their  volume,  acidify  with 
sulphuric  acid,  and  filter  again ;  add  acetate  of  lead  in  excess  to  the 
filtrate,  filter,  pass  hydric  sulphide  through  the  filtrate,  and  after 
having  boiled  for  some  time  throw  upon  a  filter,  and  evaporate  this 
last  filtrate  until  crystallisation  begins,  assisting  the  process  by  the 
addition  of  some  acetic  acid.     To  purify  the  crystals  dissolve  them  in 
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water,  treat  the  solution  with  acetate  of  lead,  separate  the  lead  by  a 
current  of  sulphuretted  hydrogen  and  subsequent  filtration,  and 
evaporate  the  filtrate ;  *the  crystalline  residue  may  be  further  purified 
by  recrystallisation  from  ammonia. 

2.  Preparation  hy  Pancreatic  Digestion. — Take  the  pancreas  of  an 
animal  that  has  been  killed  some  5  or  6  hours  after  a  large  meal,  dry 
it  rapidly  between  some  folds  of  blotting-paper  and  weigh  it ;  then 
cut  it  into  pieces  and  rub  up  in  a  mortar  with  10  times  their  weight 
of  raw  fibrin;  now  add  about  15  times  the  weight  of  the  mixture 
of  warm  water  (45°),  and  transfer  the  whole  to  a  hot  chamber  the 
temperature  of  which  is  steadily  maintained  a  little  below  50°,  the 
mixture  being  stirred  from  time  to  time  ;  and  after  5  hours  or  so  any 
albumin  present  is  separated  by  acidifying  with  acetic  acid,  boiling, 
and  filtering  through  linen.  The  filtrate  is  to  be  quickly  reduced  to 
a  syrup  by  evaporation,  poured  hot  into  a  flask,  and  alcohol  added 
till  an  evident  precipitate  is  formed.  Filter  after  some  time  and 
evaporate  the  filtrate  to  a  small  bulk.  This  concentrated  filtrate 
must  now  be  set  aside  in  a  cool  place  for  a  couple  of  days,  and  then 
the  precipitate  is  to  be  collected  on  a  filter  and  washed  with  cold 
water.  Leucin  and  ty rosin  are  both  present  in  the  crystalline  mass. 
By  washing  the  deposit  well  with  water  at  50°  the  leucin  is  separated, 
and  by  dissolving  the  residue  in  hot  water  and  repeatedly  crj  stallising 
this  deposit  from  its  solution  in  ammonia  the  tyrosin  will  be  obtained 
in  tolerable  purity. 

Properties. — Tyrosin  appears  mostly  in  fine,  long,  white, 
silky    needles,    occurring  generally  in    sheaf-like    bundles   or 
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Fig,  16.— Tyrosin  Crystals. 


rosettes,  but  appearing  frequently  as  a  deposit  of  yellowish 
green  crystalline  globules,  which  dissolve  in  hot  dilute  ammo- 
nia, but  are  deposited  on  cooling   the    solution   in   hrilliant 
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colourless  needles,  generally  groujoed  in  radiated  stars.  The 
crystals  somewhat  resemble  those  of  hypoxanthin. 

Heat  decomposes  it,  so  that  it  does  not  sublime  likeleuciii. 
It  is  insoluble  in  absolute  alcohol  and  ether,  almost  insoluble 
in  cold  water,  and  slightly  soluble  in  hot  water,  but  readily 
soluble  in  the  mineral  acids,  in  warm  dilute  ammonia,  and  the 
other  alkalies  and  alkaline  carbonates ;  soluble,  however,  with 
difficulty  in  acetic  acid.  It  combines  with  acids  and  metallic 
bases,  as  C.HjiNOg.HCl,  CgHjoNaNOa,  and  CgHioAgNOg. 

Tests. — 1.  Pour  a  few  drops  of  strong  sulphuric  acid  over  a 
little  tyrosin  in  a  porcelain  dish  or  a  watch  glass ;  heat  gently 
for  some  time  over  a  water  bath,  and  lay  aside  covered  for  half 
an  hour ;  then  dilute  with  water  and  saturate  by  rubbing  it  with 
a  little  carbonate  of  lime  or  baryta,  filter,  and  evaporate  to  a 
few  c.c,  and  filter  again  from  any  carbonate  of  baryta  that 
may  separate.  Now  treat  the  filtrate  with  a  little  very  dilute 
neutral  ferric  chloride  solution,  and  a  marked  violet  colour 
appears  (Piria). 

2.  Treat  a  hot  watery  solution  with  a  few  drops  of  Millon's 
reagent,  carefully  avoiding  excess,  and  boil  a  few  minutes  :  a 
rosy  or  a  dark  red  colour  appears,  and  if  the  solution  is  concen- 
trated a  dark  red  precipitate  may  be  formed  (Hoffmann). 

Or  warm  the  tyrosin  solution  with  the  mercuric  nitrate 
obtained  by  the  precipitation  of  mercuric  chloride  with  silver 
nitrate. 

3.  Heat  with  a  drop  or  two  of  nitric  acid  (strong  nitric  acid 
and  water,  equal  parts)  on  platinum  ■  foil  or  porcelain,  and 
evaporate  at  a  gentle  heat :  a  shining  yellow  residue  of  brownish 
yellow  crystals  of  nitrotyrosin  nitrate,  C9Hg(N02)N03.HN03,  is 
obtained  ;  this  becomes  reddish  yellow  and  then  brownish  on  the 
addition  of  caustic  potash,  and  leaves  a  brown  residue  on  evapo- 
ration (Scherer). 

Many  other  bodies,  such  as  sarkin,  react  similarly. 

Under  Leucin  it  has  already  been  stated  that  this  body  appears 
in  pathological  conditions  in  the  liver,  pus,  sputum,  &c.,  and 
in  the  urine  in  acute  atrophy  of  the  liver  and  phosphorus 
poisoning,  &c. 


.m' 
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BOOK    II. 

DIGESTION"    AND    THE    SECRETIONS 
CONCERNED. 


CHAPTER  I. 

FERMENTS;    FERMENTATION ;    AND  DECOMPOSITION, 
OR  PUTREFACTION 

Before  considering  the  subject  of  digestion  in  detail  the 
opportunity  may  be  here  taken  of  referring  to  fermentation, 
which  has  so  much  to  do  with  some  of  the  digestive  processes. 
And  at  the  same  time,  to  render  the  matter  more  complete,  brief 
reference  will  be  made  to  an  allied  process,  that  of  decomposition, 
in  which  certain  organic  ferments  play  such  an  active  part. 

FERMENTS. — The  action  of  these  bodies  was  compared  by 
LiEBiG  to  that  of  platinum  black  in  determining  the  union  of  a 
mixture  of  hydrogen  and  oxygen.  In  both  fermentation  and 
putrefaction  a  new  arrangement  of  the  elements  occurs,  gene- 
rally associated  with  an  assimilation  of  the  components  of  water, 
and  resulting  in  the  formation  of  new  products.  In  putrefac- 
tion offensive  odours  are  evolved,  which  is  not  the  case  with  fer- 
mentation ;  and  while  neither  process  can  be  regarded  as  one 
simply  of  oxidation,  the  preseoice  of  oxygen  appears  to  he 
necessary  to  set  up  the  change. 

All  fermentation  processes  require  also  the  presence  of  water, 
and  a  proper  degree  of  dilution  appears  to  be  more  or  less 
essential.  A  free  acid,  and  that  in  a  very  dilute  form,  seerns  to 
be  needed  in  only  a  few  cases,  as  in  gastric  digestion,  while  in 
most  other  fermentation  processes  an  acid  is  in  the  way,  if  not 
positively  hurtful.     The  caustic  alkalies  also,  if  above  a  very 
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minute  proportion,  hinder  fermentation  processes  completely^ 
and  the  same  may  likewise  be  said  of  the  salts  of  the  heavy 
metals,  as  iron,  lead,  mercury,  &c.,  if  present  in  sufficient 
quantity,  while  some  fermentations  are  prevented  by  the  pre- 
sence of  ether,  chloroform,  &c. 

Ferments  such  as  pepsin  and  trypsin,  when  dried,  may  be 
heated  up  to  170°  without  their  properties  being  impaired, 
but  in  the  moist  state  a  temperature  of  100°  is  sufficient  to 
destroy  them  (Huppe). 

Pasteur  distinguishes  two  kinds  of  fermentation,  one  in 
which  the  ferment  does  not  require  the  presence  of  oxygen  (as 
the  butyric)  and  one  in  which  oxygen  is  essential  in  promoting 
the  process. 

Ferments  may  be  divided  into  the  organised  and  the  solu- 
ble. While  the  living  organised  ferments,  such  as  yeast,  re- 
produce themselves  during  their  period  of  activity,  the  soluble 
ferments,  such  as  ptyalin,  pepsin,  &c.,  do  not  do  so.  All  fer- 
mentation produced  by  an  organised  ferment  is  arrested  by 
hydrogen  dioxide  and  the  ferment  is  killed  ;  but  the  soluble 
ferments  are  not  acted  on  by  it  (Bert  and  Eegnard).  Borax, 
on  the  other  hand,  destroys  the  activity  of  all  soluble  ferments 
so  decidedly  that  it  serves  as  a  test  between  the  soluble  and 
the  organised  class  (Dumas  and  Schutzenberger).  As  a  general 
rule  it  may  be  said  that  all  purely  ^physiological  fermentations 
in  the  organism  are  brought  about  by  the  soluble  ferments, 
while  pathological  fermentations,  on  the  other  hand,  are  due  to 
the  organised  series  (Ewald). 

In  classifying  these  fermentation  processes  Hoppe  Seyler's 
arrangement  will  be  adopted. 

I.  Change  of  Anhydrides  into  Hydrates. 

A.  Ferments  that  act  like  Dilute  Mineral  Acids  at  a  High 
Te'mperature. 

1.  The  conversion  of  starch  into  sugar,  or  glycogen  into  dextrin 
and  grape  sugar —  I 

4(CeH,o05)  +  3H20=CeH,o05  +  3(C«Hi206)- 
glycogen  dextrin         grape  sugar 

2.  The  conversion  of  cane  into  grape  sugar — 

C12H22O1 1  +  H20=C(;H,  gOg  +  CgHj  gOg. 

grape  sugar  sugar  of  fruit 
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3.  The  conversion  of  different  benzol  glucosides  into  sugar  and 
simple  benzol  derivatives  by  the  action  of  emnlsin — 

salicin  saligenin 

B.  Ferments  that  act  like  Caustic  Alkalies  at  a  High  Tempera- 
ture— Fermentative  Saponification. 

1.  Splitting  up  of  fats  into  glycerin  and  fatty  acids.  The  process 
is  favoured  by  the  presence  of  carbonate  of  lime  and  of  neutral  or 
alkaline  solutions.  The  pancreas  contains  such  a  ferment,  but  it  is 
so  readily  destroyed  that  it  cannot  be  separated.  A  similar  ferment 
also  seems  to  be  present  in  many  decomposing  substances. 

2.  Splitting  up  of  amido-compounds  by  hydration  through  decom- 
position ferments ;  as — 

CON2H4  +  2H20=(NH4)2C03 

urea  amnionic  carbonate 

C9H9NO3  + 11,0=0,11,^0,  +  0,11,0, 
hippuric  acid  glycin         benzoic  acid 

C2oH45NS07  +  H20=C2H7NS03  +  C24H4o05. 
taurocholic  acid  taarin  cholic  acid 

Possibly  the  decompositions  of  albumin  effected  by  trypsin  or 
putrefaction  belong  to  this  category. 

II.  Fermentation  Processes  with  Transference  of  Oxygen  from 
the  Hydrogen  to  the  Carbon  Atoms. 

1.  Lactic  Acid  Fermentation. — Various  kinds  of  sugar  and  dextrin, 
under  the  action  of  special  ferments,  as  penicillum  glaucum  or 
bacterium  lactis  (Lister),  are  converted  into  lactic  acid.  A  decom- 
posing albuminous  substance,  eopecially  casein,  water,  and  a  tempera- 
ture between  30°  and  35°  are  required ;  the  presence  of  chalk  or 
alkaline  carbonates  favours  the  process  by  neutralising  the  acid  as  it 
is  formed,  which  would  otherwise  prevent  the  continuance  of  the 
fermentation. 

In  the  first  stage  lactic  acid  is  produced — 

CeH,206=2C3He03 
0,,-H„0,,-^lI,0=iO,lI,0,- 

and    in   the    second    stage    butyric   acid,    carbonic   anhydride   and 
hydrogen  being  evolved — 

2{0,li,0,)=0,Tl,0,  +  2CO2  +  2H2. 
These  processes,  particularly  the  first,  probably  occur  in  the  in- 
testine. 

2.  Alcoholic  or  Vinous  Fermentation. — In  this  alcohol  and  car- 
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bonic  acid  are  formed  by  the  conversion  of  sugar  in  presence  of 
certain  minute  living  organisms,  as  torula  cerevisim,  the  fermentation 
being  a  correlative  phenomenon  of  a  vital  act,  beginning  and  ending 
with  it,  an  organisation,  development,  and  multiplication  of  the  fer- 
ment particles  occurring  simultaneously  with  the  fermentation. 
CH2OH  C0(0H)2  carbonic  acid 

2(CH.0H)     „^^  ^     CH3CH2OF)   ,    ,     ■ 

2(CH.OH)  +  2H,0=^jj^^jj^^^jj;alcohol 

COH  C0(0H)2 

grape  sugar 

In  acetous  fermentation  the  alcohol  is  converted  into  acetic  acid 
under  the  influence  of  the  mycoderina  aceti,  which  acts  as  a  sort  of 
oxygen-carrier. 

What  is  called  mucous  fermentation  may  be  undergone  by  sugar 
when  in  presence  of  certain  nitrogenous  substances^  hydrogen  and 
carbonic  anhydride  being  evolved,  and  mannite,  lactic  acid,  kc,  being 
formed. 

3.  Deco7nposition  Processes. — These  occur  most  readily  between 
25°  and  45°,  and  the  part  of  the  ferment  appears  to  be  played  by  such 
low  organisms  as  the  micrococci  and  bacteria.  Heating  them  with 
water  above  53°  seems  to  act  more  or  less  destructively  upon  their 
vitality. 

Ca(C2H302)2  +  H20=CaC03  -f  CO2  -f  2CH4 

calcic  acetate 
7iC6Hio05  +  nH20=3?2C02  +  3nCH4 

cellulose 
Ca2(C3H,03)4=CaC03  +  SCOg  +  ^B^  +  Ca^C^H-Oo)^. 

calcic  lactate  calcic  biityrate 

Glycerin  and  carbonate  of  lime  with  decomposing  fibrin  furnish, 
without  access  of  air,  butyric,  butyracetic,  and  succinic  acids ;  pro- 
bably lactic  acid  first  of  all  appears,  and  this  splits  into  carbonic  and 
butyric  acids,  very  little  hydrogen  being  evolved. 

Fermentation  processes  occur  in  the  intestine,  and  it  is  very 
probable  that  they  may  also  manifest  themselves  in  the  interior 
of  living  organic  cells  as  well ;  and  although  the  ferments  act 
possibly  by  catalysis  or  contact  action,  they  do  not  remain  en- 
tirely unchanged,  part  of  them  breaking  down  and  undergoing 
changes  of  some  kind  with  which  we  are  unacquainted. . 

ScHMiEDEBERG  describes  a  soluble  ferment,  histozym,  by 
which  many  decomposition  and  synthetic  processes  occur  in  the 
body ;  thus,    according  to  him,  the   change   of  benzoic   into 
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hippuric  acid  in  passing  through  the  kidney  is  due  to  the  in- 
fluence of  this  body..^  It  can  be  extracted  by  glycerin,  from 
which  it  is  precipitated  by  alcohol  as  a  white  chaik-like  mass. 
The  quantity  of  this  body  in  the  blood  or  organs  is  very  variable, 
the  dog's  liver  and  pig's  kidneys  being  the  richest. 

Bechamp  holds  that  certain  Wiici^ozymas—a  name  applied 
to  peculiar  molecular  granulations  that  appear  in  various  fer- 
mentations before  any  other  organised  production  occurs — 
exist  in  the  organism,  and  he  regards  them  as  the  organised 
ferments,  which  act  as  active  chemical  and  physiological  agents, 
whereby  are  effected  the  transformations  in  the  organism  both 
during  life  and  after  death.  Pasteur  also  inclines  to  accept 
the  existence  of  these  bodies,  as  he  has  found  that  all  the  natural 
earths  he  had  occasion  to  examine  contained  germs  capable  of 
inducing  a  peculiar  fermentative  or  septic  action. 

The  microzymas,  which,  according  to  Bechamp,  form  an 
integral  part  of  every  living  organism,  lead  to  the  total  destruc- 
tion of  this  organism  after  death  ;  and  this  having  been  effected, 
they  remain  embedded  in  the  soil  or  distributed  through  the 
air.  But.  while  Bechamp  regards  these  granules  as  living 
organisms,  GtAUTIER  looks  upon  them  as  a  purely  chemical  fer- 
ment, without  organisation  and  without  life. 

When  proteids  and  other  organised  bodies  decompose,  which 
they  readily  do  when  exposed  to  damp  air,  a  series  of  simple 
products  are  formed  ;  the  name  putrefaction  is  generally  given 
to  these  decomposition  fermentations  when  they  occur  in 
animal  or  vegetable  organisms  rich  in  such  bodies,  and  as 
putrefaction  is  essentially  a  process  of  hydration  it  follows  that 
the  aromatic  derivatives  and  the  bases  formed  during  the  fer- 
mentation pre-exist  as  nuclei  in  the  albuminoid  molecule.  In 
putrefying  they  lose  their  coherence,  absorb  oxygen,  and  emit 
foetid  odours,  soon  also  disengaging  carbonic  acid,  nitrogen, 
hydrogen,  ammonia,  certain  hydrocarbons,  and  bodies  contain- 
ing sulphur  and  phosphorus  ;  and  when  the  putrid  fermenta- 
tion is  complete,  a  humid  substance  rich  in  fats,  in  earthy  and 
ammoniacal  salts,  and  in  phosphates  and  nitrates,  remains 
behind.  Now,  as  Pasteur  showed,  these  changes  are  not  the 
simple  result  of  spontaneous  decomposition  ;  for  if  the  proteids 
are  protected  from  the  entrance  into  them  of  the  atmospheric 
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germs,  they  can  long  be  preserved  unchanged,  but  the  changes 
are  most  probably,  as  we  have  already  seen,  induced  by  ferment 
matters  or  germs  existing  in  the  air ;  and  when  contact  with 
these  bodies  is  prevented,  as  by  filtration  of  the  air  or  destruc- 
tion of  the  germs  by  strong  heating,  the  putrefactive  processes 
do  not  occur.  But  while  a  temperature  of  60°  is  sufficient  to 
destroy  most  of  these  organisms  some  of  them  require  a  tem- 
perature higher  than  150°  to  destroy  any  undeveloped  spores 
that  may  be  present  (Dallenger,  Cohn).  It  seems,  indeed, 
to  be  fairly  proved  that  bacteria  are  the  active  agents  in  decom- 
positions, and  that  these  bacteria  come  from  without,  and  are 
not  developed  spontaneously  in  the  decomposing  fluid  or  sub- 
stance (Pasteur,  Tyndall). 

A  word  or  two  may  be  said  here  as  to  these  bacteria  and 
their  congeners.  The  term  schizoimycetes  is  applied  to  the  group 
of  small  unicellular  organisms,  including  bacterium^  vibrio, 
temno,  spii^illuni,  leptothrix,  &c.,  which  multiply  by  transverse 
division,  either  remaining  connected  or  becoming  isolated  ; 
they  exist  chiefly  on  nitrogenous  compounds,  which,  even  when 
insoluble  in  water,  are  rendered  fluid  by  the  agency  of  bacteria. 
When  the  nitrogenous  substance  in  which  the  bacteria  multi- 
ply is  completely  used  up,  these  bodies  pass  into  a  station- 
ary condition  and  become  congregated  into  gelatinous  colonies 
— the  so-called  zooglea  form — in  which  they  can  resume  their 
activity  under  favourable  conditions.  These  organisms  may 
be  divided  into  several  groups,  as  sphserobacteria  (micrococci), 
microbacteria,  desmobacteria,  and  spirobacteria,  in  each  of 
which  may  be  distinguished  pigment- forming,  zymogenous, 
and  pathogenic  varieties. 

The  bacteria  are  for  the  most  part  minute  rod-like,  oblong 
or  globular  protoplasmic  masses,  varying  between  y^^-^o  o^^  ^^^l 
Toioo"^^  of  an  inch  in  diameter,  enclosed  in  a  structureless 
substance.  Such  forms  as  the  vibriones  appear  to  possess  a 
wriggling  motion,  and  in  some  a  cilium  has  been  detected. 

All  fluids  containing  decomposing  organic  substances  have 
some  of  these  bodies  present,  and  usually  in  great  numbers. 
When  such  fluids  evaporate  the  bacteria  germs  are  carried  into 
the  air,  and  hence  become  causes  of  putrefaction  in  nitrogenous 
substances  exposed  to  the  air,  and  may  serve  as  propagators  of 
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contagious  diseases.  Indeed,  according  to  the  modern  doctrine 
of  the  production  or-^generation  of  disease  by  germs,  the  con- 
tagious diseases,  &c.,  are  produced  by  certain  specific  organisms 
or  poisons.  In  septicaemia,  for  example,  an  absorption  has 
occurred  of  certain  fluids  whose  decomposition  has  been  induced 
by  bacteria,  and  the  system  is  proportionately  poisoned.  Fluids 
also  that  have  been  subjected  to  the  action  of  these  bacteria, 
but  subsequently  freed  from  them,  have  been  proved  to  act  as 
septic  poisons  to  the  system  ('Burdon  Sanderson).  Accordingly 
it  would  seem  that  the  bacteria  themselves  are  not  the  germs 
of  the  disease,  but  rather  possess  the  power,  under  suitable 
conditions,  of  generating  the  contagium.  In  splenic  fever 
bacteria  have  been  discovered  in  the  blood  and  many  organs  of 
the  body,  and  according  to  Koch  the  introduction  of  such  germs 
into  healthy  animals  brings  on  splenic  fever.  By  inoculating 
sheep  with  the  prepared  blood  of  cattle  that  had  died  of  splenic 
fever,  Pasteur  protected  them  from  taking  that  disease  ;  and 
similarly  by  inoculating  chickens  with  the  diluted  virus  of. 
chicken  cholera  he  protected  them  from  its  influence.  Pasteur 
believes  that  the  protection  is  due  to  ih.Q  organisms  introduced 
by  inoculation  exhausting  the  substances  in  the  body  which 
afford  them  nourishment,  and  that  when  the  animals  are 
attacked  by  the  real  disease  the  disease  germs,  however  intro- 
duced, find  no  food,  and  accordingly  perish.  In  addition  to 
septicaemia  and  splenic  fever,  it  has  also  been  pretty  fully 
established  that  these  micro-organisms  are  the  causal  agents  in 
producing  anthrax,  glanders,  gonorrhoea,  erysipelas,  relapsing 
fever,  and  tuberculosis. 

Antiseptics. — Certain  materials  have  been  found  that  by 
their  presence  protect  bodies  from  putrefactive  processes  ;  these 
are  antiseptics.  Disinfectants,  on  the  other  hand,  are  sub- 
stances that  tend  to  destroy  the  putreftictive  processes  already 
originated,  or  to  render  inert  their  products  already  formed. 

These  antiseptics  appear  to  act  in  different  ways,  some,  as 
sodium  chloride  and  alcohol,  for  example,  by  their  attraction  for 
water ;  others,  as  sulphurous  acid  and  the  bisulphites,  by  forming 
comparatively  strong  combinations  with  the  substances  liable 
to  decompose  ;  others,  as  carbolic  and  salicylic  acids,  apparently 
by  destroying  the  germs   that  set  up  the  putrefaction  ;  and 
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others  again,  as  oils  and  fats,  &c.,  by  prsventing  their  entrance 
into  the  decomposible  body  by  coagulating  its  exterior,  or  cover- 
ing it  with  a  coating  impenetrable  to  the  germs. 

Koch  finds  carbolic  acid  to  be  almost  without  action  on  the 
spores  of  anthrax  bacilli,  these  retaining  their  vitality  after  5 
days'  immersion  in  a  2  per  cent,  solution,  and  15  days  in  a  1 
per  cent,  solution ;  but  1  gram  pure  carbolic  acid  showed  a 
marked  effect  in  1,250  grams  of  a  nutritive  solution  containing 
these  bacilli.  Its  destructive  power  is  also  much  greater  at  a 
temperature  of  about  55°  than  at  a  lower  temperature.  Aqueous 
solutions  of  the  carbolic  acid  acted  antiseptically,  but  solutions  in 
oil  or  alcohol  did  not  manifest  any  antiseptic  properties,  which 
is  also  the  case  with  salicylic  acid,  thymol,  &c.,  except  when 
they  are  used  with  substances  containing  water. 

The  disinfecting  action  of  sidphurous  acid  is  uncertain. 
The  only  effectual  disinfectants,  indeed,  according  to  KoCH, 
besides  chlorine,  bromine,  and  iodine,  are  mercuric  chloride, 
osmic  acid,  and  potassic permanganate,  this  last  only  acting  in 
5  per  cent,  solutions.  .  In  his  experiments  with  anthrax  spores 
he  likewise  found  arseniate  of  sodium  very  effective,  as  also 
boracic  and  salicylic  acids.  Fraenzel  further  finds  that  tuber- 
cle bacilli  are  easily  destroyed  by  such  bodies  as  kreosote,  cam- 
phor, and  naphthalin. 

The  actions  of  thymol,  hydrocinnamic  and  phenylacetic 
acids,  indol,  skatol,  kresol,  and  phenol  have  been  examined  by 
Wernich,  and  he  finds  the  thymol  superior  to  all  but  the  phenol. 

Substances  effective  in  checking  the  germination  of  spores 
are  corrosive  sublimate,  some  essential  oils,  and  amyl  alcohol. 

But,  as  the  antiseptics  used  in  surgery  do  not  require  to  be 
perfect,  it  is  sufficient  for  the  purpose  of  the  surgeon  if  the 
propagation  of  the  organisms  is  arrested  for  a  time  long  enough 
to  allow  the  wound  to  heal.  With  the  spores  of  splenic  fever, 
for  instance,  the  development  is  arrested  by  a  1  per  cent,  aque- 
ous solution  of  phenol,  or  a  5  per  cent,  solution  of  zinc  chloride  ; 
and  this  suffices  for  medical  purposes,  as,  although  chlorine,  &c., 
would  effectually  destroy  such  spores,  they  would  also  severely 
injure  the  patient  to  whose  wounds  they  might  be  applied. 

A  great  difference  exists  between  antisepsis  and  disinfec- 
tion—di.  difference,  it  may  be  remarked,  that  is  not  generally 
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taken  sufficiently  into  account.  Thus,  in  the  case  of  carbolic  acid, 
at  times  a  2  per  cent,  -fjolution  acts  as  an  antiseptic,  but  at  other 
times  a  5  per  cent,  solution  is  needed.  To  protect  a  fermenta- 
ble substance  from  the  action  of  schizomycetes  is  very  different 
to  destroyiug  them  when  actually  in  contact  with  the  fermenta- 
ble matter,  a  small  amount  of  the  antiseptic  being  required  in 
the  one  case  as  compared  with  the  other.  To  render  the  air  of 
a  room  antiseptic- a  large  amount  of  phenol  is  necessary,  but  a 
small  quantity  in  the  air  is  sufficient  to  preserve  sound  sub- 
stances from  the  attacks  of  bacteria. 

It  is  possible  that  most  of  the  present  methods  of  disinfec- 
tion are  insufficient  to  destroy  bacteria,  and  only  exert  a  tem- 
porary influence  in  arresting  their  development. 

Antiseptics  have  been  used  to  preserve  food.  Common  salt, 
sugar,  spirit,  potassic  nitrate,  and  vinegar  have  been  most 
frequently  employed.  For  the  same  purpose  other  methods,  as 
cold,  drying,  and  exclusion  of  air,  have  also  been  adopted  with 
advantage. 


CHAPTER   II. 

DIGESTION 

After  a  general  sketch  of  this  very  important  process,  whose 
chemistry  is  an  object  of  such  interest  to  the  physiological 
chemist,  the  preparation  and  properties  of  the  different  secre- 
tions concerned  and  of  their  active  ferments  will  be  given,  and 
then  the  secretions  themselves  discussed  in  detail. 

The  process  of  digestion  commences  in  the  mouth,  and  con- 
tinues throughout  the  alimentary  canal  till  the  lower  part  of 
the  large  intestine  is  reached,  its  object  being  to  convert  the 
food  into  a  condition  fit  for  absorption  into  the  blood.  It  con- 
sists of  a  great  many  different  processes,  that  are  in  part  mecha- 
nical and  in  part  chemical,  being  chiefly  of  the  nature  of 
hydrolytic  decompositions  (Hermann)  ;  and  the  absorbed  pro- 
ducts are  still  further  modified  after  absorption.  The  bodies 
upon  which  the  digestive  processes  are  necessary  to  admit  of  this 
absorption  are  albumins,  gelatins,  starches,  and  fats.  The  inor- 
ganic constituents  of  food,  such  as  water  and  salts,  and  the  soluble 
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organic  constitnents  undergo  no  essential  chemical  change  be- 
fore being  absorbed  ;  while  bodies  insoluble  in  any  of  the  juices, 
as  cellulose  and  elastic  tissue,  are  excreted  unchanged. 

In  the  inouth  the  food  is  ground  into  a  pulp  and  mixed 
with  the  alkaline  saliva,  which  latter  converts  part  of  the 
starch  present  into  sugar ;  the  same  process  is  continued,  but 
rendered  slower  (if  not  arrested)  in  the  stomach,  and  is  resumed 
again  under  the  influence  of  the  pancreatic  juice. 

In  the  stomach  the  action  of  the  acid  gastric  juice  begins, 
and  it  essentially  consists  in  a  chemical  solution  effected  under 
the  agency  of  a  ferment,  the  food  being  disintegrated  and  so 
mixed  with  the  gastric  juice  as  to  form  a  pultaceous  mass— - 
the  chyme.  The  solvent  action  of  the  juice  is,  however,  con- 
fined to  the  nitrogenous  substances  present,  peptones  being 
formed  therefrom  and  probably  rapidly  absorbed,  although  a 
considerable  proportion  of  the  albuminous  bodies  pass  away  in 
the  chyme  in  a  state  of  fine  subdivision  and  mechanical  sus- 
pension into  the  small  intestine,  occasionally  accompanied  also 
by  even  large  morsels  of  solid  undigested  matters,  there  to  un- 
dergo subsequent  solution.  Salts  of  the  carbonates  and  phos- 
phates that  are  insoluble  in  water  are  also  dissolved  by  the  acid 
of  the  gastric  juice,  and,  together  with  other  soluble  salts  or 
sugars  present,  are  probably  in  great  part  absorbed.  Schmidt 
considers  that  the  pepsin  and  the  hydrochloric  acid  form  an 
unstable  pepto-hydrochloric  acid,  constituting  about  0*3  per 
cent,  of  the  juice,  and  that  gastric  digestion  consists  in  a  combi- 
nation of  this  acid  with  albuminous  bodies  ;  it  seems  more 
probable,  however,  that  the  pepsin  acts  entirely  as  a  simple 
ferment,  but  requiring  the  presence  of  a  certain  amount  of  free 
acid  to  render  it  active. 

The  chyme  is  discharged  from  time  to  time  into  the  duo- 
denum, and  this  may  occur  soon  after  the  commencement  of 
gastric  digestion ;  but  probably  much  does  not  leave  the 
stomach  till  two  hours  or  so  have  elapsed ;  and  the  discharge 
may  not  be  completed  till  four  or  five  hours  after  the  entry  of 
the  food  into  the  stomach. 

The  chyme  is  next  subjected  to  the  action  of  the  bile,  the 
pancreatic  juice,  and  the  intestinal  juice,  by  which  it  is  gradu- 
ally converted  into  chyle,  and  absorbed  as  such — the  undigested 
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albumins  from  the  stomach  being  converted  into  peptones  by 
the  pancreatic,  and  pQssiblj  also  by  the  intestinal  juice  ;  the  fats 
digested  by  the  pancreatic  juice  with  the  help  of  the  bile,  and  the 
starches  by  the  pancreatic  and  intestinal  juices.  A  partial  pre- 
cipitation of  the  peptones  and  of  any  pepsin  present  in  the  chyme 
leaving  the  stomach  is  effected  by  the  bile  in  the  duodenum. 

The  'pancreatic  juice  converts  starch  into  sugar,  emulsifies 
and  saponifies  fatty  matters,  and  converts  albumins  into  pep- 
tones, part  of  which  is  still  further  decomposed  into  leucin  and 
tyrosin,  the  amount  of  peptone  thus  broken  down  possibly 
depending  on  the  excess  or  deficiency  of  proteids  and  on  the 
rapidity  or  otherwise  of  the  absorption  in  the  intestine.  Brucke 
is  of  opinion  that  some  of  the  proteid  is  absorbed  directly  into 
the  lacteals,  together  with  some  fat,  in  the  form  of  alkali  albu- 
min, without  becoming  a  peptone,  and  Eichhorst  maintains 
the  same. 

With  regard  to  the  peptones  it  has  generally  been  believed 
that  being  of  easy  difFusibility  they  pass  through  the  alimentary 
mucous  membrane  into  the  blood  vessels.  Peptone  has  been 
found  in  the  blood  of  the  portal  vein  (Drosdoff),  but  only  in 
very  small  quantity.  To  account  for  so  little  being  thus  found 
it  has  been  said  that  very  little  unchanged  peptone  reaches  the 
blood  through  the  mucous  membrane  ;  or  that  it  undergoes  im- 
mediate transformation  after  its  passage  through,  either  in  the 
blood  itself  or  in  the  liver  and  muscular  tissue  ;  but  as  peptone, 
when  introduced  into  the  circulation,  escapes  in  great  part  bv  the 
urine,  it  is  possible  that  its  actual  transformation  occurs  in  the 
intestinal  mucous  membrane  itself  (Hgfmeister).  There  seems 
also  to  be  some  relation  between  the  excretion  of  the  urea  and 
the  formation  of  peptone,  which  would  point  to  much  of  the 
absorbed  peptone  being  at  once  broken  up  into  its  final  products. 
In  Hofmeister's  experiments  the  total  amount  of  peptone  in 
the  walls  of  the  stomach  and  intestine  was  more  than  double 
that  present  in  the  blood  as  a  whole,  and  the  quantity  found  in 
the  walls  of  the  small  intestine  was  fourteen  times  greater  than 
that  present  in  the  walls  of  the  stomach.  On  the  other  hand, 
in  the  cavity  of  the  stomach  there  was  fifteen  times  as  much 
present  as  in  its  mucous  membrane,  indicating  either  that  the 
stomach  absorbs  less  of  the  formed  peptone  than  does  the  in- 


152     DIGESTION  AND   THE  SECRETIONS   CONCERNED, 

testine,  or  that  the  peptone  disappears  more  quickly  from  its 
mucous  membrane.  This  disappearance  of  peptone  is  a  vital 
act,  taking  place  with  unequal  rapidity  according  to  the  stage 
of  digestion.  The  property  of  assimilating  peptone,  however, 
belongs  not  only  to  the  stomach,  but  also  to  the  intestinal 
mucous  membrane,  and  whether  it  is  accompanied  by  a  re-form- 
ation of  albumin  or  by  a  complete  disintegration  it  is  as  yet 
difficult  to  say.  That  the  peptone  rapidly  disappears  after  ab- 
sorption is  shown  by  the  fact  that  none  is  discoverable  in  the 
blood  of  dogs  twenty-four  hours  after  a  heavy  meal  (Schmidt 
MiJLHEiM).  The  peptone  present  in  the  blood  ranges  from 
0*029  to  0*055  per  cent.,  its  maximum  occurring  seven  hours 
after  food.  It  is  probably  associated  in  some  way  with  the  cor- 
puscles, and  not  dissolved  in  the  serum. 

The  action  of  the  bile  is  only  subsidiary  to  that  of  the  pan- 
creatic juice,  assisting  in  the  emulsifying  and  saponifying  of 
oleaginous  bodies,  serving  moreover  as  a  solvent  for  solid  soaps, 
but  having  little  or  no  action  on  starchy  or  albuminous  materials, 
and  making  a  better  emulsifying  agent  when  acting  with  the 
pancreatic  juice  than  when  acting  alone.  It  aids  also  in  the 
absorption  of  the  fatty  matters  by  enabling  them  to  pass  more 
readily  through  the  mucous  membrane,  an  action  due  to  the  direct 
contact  of  that  membrane  with  the  bile  ;  further,  it  checks  fer- 
mentations and  putrefactions  in  the  intestine,  and  it  appears  to 
stimulate  the  peristaltic  contractions  of  the  muscular  coats  of  the 
intestinal  walls,  and  at  the  same  time  possibly  stimulates  the  in- 
testinal glands  to  secretion.  What  the  exact  function  of  the 
intestinal  juice  may  be  is  still  a  matter  of  doubt ;  it  has  been 
said  to  possess  the  power  of  digesting  any  of  the  different 
classes  of  foods  ;  but  different  authorities  have  arrived  at  differ- 
ent conclusions.  Thus  (1)  it  has  been  stated  to  digest  fibrin 
alone  (Thiry)  ;  (2)  to  convert  starch  into  sugar,  and  fibrin  into 
peptones,  the  action,  however,  being  very  slow  (Dobroslawin)  ; 
(3)  to  convert  small  portions  of  albumin,  casein,  and  fibrin  into 
peptones,  and  starch  rapidly  into  sugar  (Schiff)  ;  (4)  partially 
to  digest  cooked  meat  and  albumin,  to  emulsify  fats,  and  to 
convert  starch  into  sugar  (Colin)  ;  and  (5)  to  possess  no  evi- 
dent solvent  power  for  fat  or  albumin,  but  to  change  starch 
into  sugar  and  cane  sugar  into  grape  sugar  (Paschutin). 
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We  may  therefore  thus  sum  up  the  digestive  action  of  the 
secretions  :  (1)  The.sa^it'a  converts  starch  into  sugar;  (2)  the 
gastric  juice,  albumins  into  acid  albuminates  and  then  into 
peptones;  (3)  the  "pancreatic  juice,  starch  into  dextrin  and 
sugar,  albumins  into  globulin  substance  and  then  peptone,  and 
part  of  the  peptone  into  leucin,  tyrosin,  and  aspartic  acid, 
and  fats  into  glycerin  and  the  fatty  acids,  partly  also  saponify- 
ing them ;  (4)  the  bile  assists  the  pancreatic  juice  in  digesting 
the  fats,  and  aids  in  their  absorption ;  and  (5)  the  intestinal  juice 
possibly  completes  the  digestion  of  the  undigested  portions  of 
the  food,  acting  on  starches  and  sugars,  and  possibly  also  on 
some  of  the  albumins  and  fats. 

The  reaction  continues  acid  some  time  after  the  chyme  leaves 
the  stomach,  while  in  the  lower  paH  of  the  small  intestine  it  is 
alkaline,  or  only  slightly  acid  ;  but  the  acid  reaction  is  restored 
or  intensified  in  the  csecum,  owing  to  an  acid  fermentation 
that  is  set  up  there.  The  reaction,  it  must  be  said,  varies  con- 
siderably with  the  nature  of  the  food. 

The  different  soluble  ^products  of  the  intestinal  digestion 
are  absorbed  by  the  lacteals  or  portal  vessels,  so  that  when  the 
intestinal  contents  reach  the  large  intestine  their  nutritious 
constituents  have  in  great  part  been  removed. 

As  to  fluids,  there  is  about  as  much  secreted  as  is  absorbed  ; 
so  that  the  intestinal  contents  are  little,  if  at  all,  denser  on  en- 
tering the  large  intestine  than  on  leaving  the  stomach. 

The  peptones  and  sugar  enter  the  circulation  by  the  portal 
system,  and  the  fats  largely  by  the  chyle  of  the  lacteals. 

That  absorption  is  the  chief  work  done  in  the  upper  part  of 
the  large  intestine  there  can  be  no  doubt,  but  whether  a  diges- 
tive action  also  occurs  there  is  still  sub  judice.  By  the  removal 
of  the  fluids  the  intestinal  contents  are  gradually  converted  into 
the  solid  faeces,  the  colour  also  changing  from  grey,  through 
orange,  to  a  dirty  yellowish  brown.  The  digestion,  however, 
cannot  be  said  to  be  completed  until  the  fluids  absorbed  in  the 
stomach  and  intestines  have  been  subjected  to  the  action  of  the 
liver  and  spleen,  &c. 

Amount  of  Fluids  Discharged  into  the  Alimentary  Canal. — 
A  very  large  amount  of  fluid  is  constantly  being  poured  out  into 
the  alimentary  canal.     According  to  the  estimates  given  below 
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of  the  juices  secreted  it  would  appear  that  about  twenty-six 
pounds,  if  not  more,  of  fluid  are  discharged  into  the  intestine 
every  twenty-four  hours  ;  that  is,  about  twice  the  whole  volume 
of  the  blood.  But  it  must  be  remembered  that  secretion  and 
absorption  are  going  on  simultaneously,  and  accordingly  the 
estimate  of  a  secretion  judged  by  the  amount  discharged  by  a 
fistula  is  to  be  regarded  as  a  very  imperfect  standard  of  the 
total  amount  secreted  under  normal  conditions  when  the  secre- 
tion undergoes  rapid  reabsorption.  Possibly  this  disturbance  of 
the  normal  conditions  may  give  rise  to  the  great  discrepancies 
in  the  quantities  of  the  secretions  in  the  twenty-four  hours  as 
given  by  different  observers. 


Seci-etion 

So.  gravity 

Averaire  amount  in 
24  liours 

Percentage  of 
soli.ls 

Saliva 

Gastric  juice 
Pancreatic  juice  . 

Bile 

Intestinal  juice     . 

1004  to  1009 
1001  „  1010 
1008  „  1009 
1010  „  1020 
1010 

.   lbs. 

1  to  2 
10  „  20 

2  .,  3 

P  r  cent. 

0-1  to  0-6 

0-5  „  1 

8  „  10 

•9  „  U 

2  „  2^ 

CHAPTER   III. 

PREPARATION  OF  THE  JUICES. 

1.  Saliva,  (a)  Natural  Saliva, — Collect  saliva  in  a  beaker 
after  inducing  its  secretion  by  inhaling  ether  vapour  into  the 
mouth,  or  by  chewing  a  piece  of  indiarubber.  When  a  consi- 
derable quantity  has  been  thus  obtained,  add  four  times  its 
volume  of  water,  stir  it  well,  and  let  it  stand  some  time,  then 
decant  off  the  supernatant  liquid  from  the  sediment. 

(6)  Artificial  Saliva  may  readily  be  prepared  by  digest- 
ing with  water  the  finely  mixed  fresh  salivary  glands  of  any  of 
the  herbivora  for  several  hours,  and  then  straining  through 
linen  and  filtering. 

2.  Artificial  Gastric  Juice. — (a)  Open  the  stomach  of  a  re- 
cently killed  pig,  or  the  fourth  stomach  of  a  calf,  wash  it  rapidly 
in  cold  water,  spread  it  out  on  a  board  with  the  mucous  surface 
upwards,  and  scrape   off  this   surface  with   a  scalpel  or  sliai-p 
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spatula.  Rub  up  the  soft  mass  thus  obtained  with  some  fine 
washed  sand ;  theij  digest  the  whole  with  cold  water,  stirring 
frequently,  and  filter.  The  juice  prepared  in  this  w^ay  contains 
very  little  peptones,  which,  however,  would  not  be  the  case  if 
some  time  is  allowed  to  elapse  after  the  death  of  the  animal 
before  the  stomach  is  used. 

(6)  Eapidly  wash  a  fresh  pig's  stomach,  mince  the  mucous 
membrane  of  it^  middle  third,  and  digest  this  some  six  to  eight 
hours  with  200  times  its  volume  of  dilute  hydrochloric  acid  (4- 
per  cent.)  at  a  temperature  of  35°;  decant  and  filter.  The 
digestion  may  be  repeated  with  fresh  acid.  Peptones  will  be 
present,  which  may  be  separated  by  dialysis. 

To  'prepare  the  hydrochloric  acid  of  the  above  strength  (^  per 
cent.)  add  about  6  J  c.c.  of  the  ordinary  strong  commercial  acid 
to  a  litre  of  distilled  water  and  shake  together.  In  the  experi- 
ments the  acid  maybe  used  of  this  strength,  or  diluted  with  its 
own  volume  of  water.  An  acid,  however,  that  serves  well  for 
rapid  artificial  digestion  contains  one  per  cent,  by  volume  of  con- 
centrated hydrochloric  acid  (Tuson).  The  water  in  which  the 
albumin  is  immersed  may  be  acidulated  with  one  per  cent,  of 
hydrochloric  acid  of  sp.  gr.  1*150  (=0*303  per  cent,  real  acid) 
(Dow^desw'ell),  or  with  only  half  this  amount,  and  contain 
about  0*15  per  cent,  of  real  acid  (Petit),  so  as  to  obtain  rapid 
artificial  digestion. 

(c)  Divide  the  washed  and  detached  mucous  membrane  of 
a  fresh  stomach  into  small  fragments,  and  after  drying  them 
well  between  folds  of  filter  paper  cover  them  with  strong  glyce- 
rin ;  lay  aside  for  eight  days,  then  strain  the  glycerin  extract 
and  precipitate  it  with  alcohol  ;  collect  the  precipitate  and 
wash  it  with  spirit.  It  is  then  to  be  added  to  two  litres  or  so  of 
the  acidulated  water  (0*1  per  cent.),  or  a  little  of  it  may  be 
added  when  required  to  the  dilute  acid  (after  Wittich). 

The  glycerin  extract  may  be  filtered  through  linen,  and 
kept  as  such,  a  very  good  digestive  fluid  being  obtained  by  ad- 
ding a  few  drops  of  it  to  some  of  the  dilute  acid  (J-  per  cent.) 

3.  Artificial  Pancreatic  Juice. — In  preparing  this  juice  it  is 
advisable  to  employ  the  pancreas  of  an  animal  that  has  been 
killed  some  four  or  five  hours  after  a  full  meal  has  been  taken  ; 
for  if  the  pancreas  of  a  fasting  animal  is  employed  scarcely  any 
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digestive  power  may  be  manifested  By  its  glycerin  or  watery 
extract. 

(a)  Cut  a  fresh  pancreas  (say  of  a  dog  killed  some  hom-s 
after  a  full  meal)  into  pieces,  weigh  them,  and  cover  the  pieces 
with  absolute  alcohol  for  two  or  three  days;  express  through 
linen,  and  dry  the  gland  substance  with  filter  paper  ;  then  rub  it 
up  with  powdered  glass  or  washed  sand,  adding  for  each  gram 
of  gland  substance  1  c.c.  dilute  acetic  acid  (one  per  cent.)  ;  stir 
well  for  about  a  quarter  of  an  hour,  and  then  place  the  whole  in 
a  jar,  pouring  over  it  ten  times  its  volume  of  glycerin.  After 
three  days  decant,  and  filter  through  a  piece  of  muslin  and  then 
through  coarse  filter  paper. 

(&)  Make  an  infusion  of  the  minced  pancreas  in  warm  water 
and  neutralise  the  filtrate,  if  necessary,  with  sodic  carbonate. 

(c)  Mince  the  pancreas  upon  a  block  of  filter  paper,  and  cover 
the  fragments  with  strong  glycerin ;  filter  in  two  or  three  days. 

4.  Artificial  Intestinal  Juice. — (a)  Kill  a  dog  or  rabbit,  and 
rapidly  remove  the  small  intestine.  Attach  the  lower  end  to  a 
tap,  and  clip  the  other  extremity.  Fill  the  intestine  with 
water  two  or  three  times,  emptying  it  after  each  addition,  so  as 
to  clear  it  of  its  contents.  As  short  a  time  as  possible  should 
be  lost  in  doing  this.  Now  slit  the  intestine  from  end  to  end, 
and  scraping  away  the  mucous  membrane,  rub  it  up  with  some 
sand,  just  as  in  the  preparation  of  artificial  gastric  juice,  and 
then  digest  it  with  four  times  its  volume  of  water.  Filter 
through  muslin  and  filter  paper  in  succession  after  it  has  stood 
for  an  hour  or  so. 

(6)  The  natural  juice  is  best  obtained  after  the  method  in- 
troduced by  Thiry,  which  consists  in  starving  a  sheep  dog  for 
twenty-four  hours,  then  opening  its  abdominal  cavity  and  draw- 
ing out  a  loop  of  the  small  intestine,  which  is  to  be  cut  at  each 
end  without  disturbing  its  other  connections,  the  continuity  of 
the  intestinal  canal  being  re-established  by  connecting  the  open 
ends  of  the  tube  after  the  removal  of  the  loop.  The  loop  is 
closed  at  its  lower  extremity  and  left  in  the  abdomen,  and  from 
its  upper  open  end,  which  is  fixed  in  the  abdominal  wound,  the 
juice  secreted  is  collected. 

5.  Bile. — P>esh  ox  bile  should  be  used,  or  some  filtered 
human  bile  obtained  from  the  post^Tnortem  room. 
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CHAPTER   IV. 

THE  DIGESTIVE  FER3IENTS. 

As  we  have  already  seen,  ferments  may  be  living  and  organised, 
as  is  the  case  with  torula,  &c.,  or  inorganised,  as  with  the  en- 
zymes, soluble  ferments  or  zymases  that  occur  in  saliva,  gastric 
juice,  &c.  A  body  allied  to  these  animal  ferments  is  diastase, 
a  peculiar  nitrogenous  substance,  resembling  vegetable  albu- 
min, although  not  albuminous,  which  is  found  in  germinat- 
ing seeds,  being  derived  probably  from  the  gluten,  and  possess- 
ing the  power  of  converting  starch  into  dextrin  and  glucose. 

The  following  compositions  have  been  assigned  to  some  of 
these  bodies,  although  it  is  difficult,  if  not  impossible,  to  obtain 
them  in  a  state  of  purity  ; — 
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Schmidt's  pepsin  is  not  probably  pepsin  at  all,  but  rather 
an  albumin  peptone  holding  pepsin ;  thus  an  albumin  peptone 
has  this  composition:  C  =  53-o,  H  =  75  N=15-5,  0  =  22*4, 
S=l-6. 

Although  these  ferments  are  probably  formed  at  the  expense 
of  albuminous  bodies,  they  have  neither  their  composition  nor 
general  properties ;  as  compared  with  albumins  they  contain 
less  carbon,  but  more  oxygen,  while  the  nitrogen,  according  to 
some  observers,  is  much  less.  The  ash  of  all  these  bodies  is 
rich  in  phosphates. 

These  ferments  dissolve  in  water  and  glycerin,  their  solu- 
tions dialysing,  but  they  are  insoluble  in  alcohol.     A  tempera- 
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ture  from  80°  to  90°  renders  them  inactive.  One  part  of  the 
salivary  diastase  or  ptyalin  is  said  to  be  sufficient  to  convert 
2,000  parts  of  starch  into  sugar;  and  while  some  authori- 
ties regard  the  amount  of  peptones  formed  by  pepsin  in  an 
acid  solution  as  indefinite,  provided  the  peptones  are  removed 
by  dialysis  as  they  are  produced  and  fresh  acid  added  (Brucke), 
others  regard  the  action  as  limited  (Schiff). 

I.  To  Show  the  Action  of  Diastase. — This  body  is  first  pre- 
pared by  washing  beer  yeast  with  a  mixture  of  water  and  ether, 
shaking  well,  and  filtering  ;  precipitating  the  filtrate  with  alco- 
hol, and  collecting  and  drying  the  precipitate.  A  little  of  this 
or  of  a  warm  water  infusion  of  malt  or  germinated  barley  is 
added  to  a  large  quantity  of  thick  gelatinous  starch,  and  the 
temperature  maintained  at  about  71°  for  a  few  minutes,  when 
complete  liquefaction  of  the  starch  will  occur,  and  dextrin 
and  glucose  will  replace  it. 

Ferments  exist  in  many  of  the  tissues  and  organs,  and  to 
all  mucous  membranes  there  seems  to  belong  a  common  fer- 
ment, enzym  or  zymase,  capable  of  imparting  its  own  mobility 
of  molecule  to  many  other  organic  bodies.  Now  the  ferment 
in  any  organs  or  liquids  can  be  obtained  by  exposing  them 
thoroughly  to  the  action  of  absolute  alcohol  for  a  week  or  two, 
so  as  to  coagulate  their  albumin,  and  then  exhausting  the 
hardened  tissue  or  precipitate  with  glycerin,  from  which  the 
ferment  can  be  afterwards  thrown  down  by  alcohol  after  Wittig's 
process. 

II.  Preparation  of  Ptyalin. —  1.  Mince  up  the  fresh  salivary 
glands  of  a  cow,  and  make  a  watery  infusion,  and  to  this  (or  to 
saliva  itself)  add  excess  of  dilute  phosphoric  aqid  ;  then  neutralise 
the  filtrate  with  lime  water  or  milk  of  lime,  and  the  ferment 
will  be  precipitated  along  with  the  acid,  albumin  being  thrown 
down  at  the  same  time,  but  it  adheres  more  closely  to  the  lime 
than  does  the  ptyalin.  Collect  the  precipitate  on  a  filter,  and 
wash  it  with  a  little  water,  which  dissolves  out  the  ptyalin,  and 
this  in  turn  is  separated  from  the  water  by  the  addition  of  five 
to  six  times  its  volume  of  alcohol.  Dry  the  flocculent  precipi- 
tate in  vacuo.  By  dissolving  it  up  again,  reprecipitating  with 
alcohol,  and  drying  it  in  vacuo,  as  before,  it  is  obtained  in  a 
purer  form  (after  Cohnheim). 
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The  ferment  may  also  be  obtained  by  shaking  up  the 
watery  infusion  with  a  saturated  ethereal  solution  of  cholesterin 
or  collodion. 

2.  Eapidly  mince  the  perfectly  fresh  salivary  glands  of  an 
ox,  sheep,  or  rabbit,  and  cover  with  absolute  alcohol  for  several 
days  in  a  flask  ;  then  collect  in  a  linen  filter,  express  the  spirit 
thoroughly  (or,  if  necessary,  the  alcohol  may  be  distilled  off  at 
a  low  temperature),  and  exj)ose  the  gland  substance  to  the 
air  to  dry.  Transfer  the  dried  mass  to  a  mortar,  where  it  is  to 
be  rubbed  up  into  a  fine  powder  and  then  mixed  well  wdth 
glycerin  ;  now  pour  all  into  a  flask,  and  cover  with .  fresh  gly- 
cerin, shaking  occasionally.  The  glycerin  extract  is  to  be 
strained  off  and  filtered  after  two  or  three  days.  From  this 
the  ptyalin  is  precipitated  by  alcohol,  separated  by  decantation, 
and  dried  in  an  exhausted  receiver  over  sulphuric  acid. 

Properties. — Ptyalin  forms  a  white  amorphous  powder  ;  its 
solutions  in  water  are  precipitated  by  neutral  and  basic  lead 
acetate,  but  not  by  nitric  or  tannic  acids  or  by  mercuric  or 
platinic  chlorides.  It  has  the  power  of  converting  starch  into 
sugar,  the  most  favourable  temperature  being  about  35°  to  40°, 
above  60°  becoming  inactive ;  diastase,  on  the  other  hand,  is 
most  active  between  60°  and  70°. 

III.  Preparation  of  Pepsin. — 1.  (After  Brijcke's  method, 
which,  how^ever,  does  not  furnish  much  pepsin.) 

{a)  Macerate  the  washed  and  finely  divided  mucous  mem- 
brane of  the  cardiac  end  of  the  fresh  stomach  of  a  pig  in  dilute 
phosphoric  acid  (5  per  cent.),  adding  fresh  acid  until  the  solu- 
tion is  nearly  completed ;  filter,  precipitate  the  filtrate  with 
excess  of  clear  lime  water,  collect  the  gelatinous  precipitate  of 
tribasic  phosphate  of  lime  and  pepsin  on  a  linen  filter  in  which 
it  is  to  be  thoroughly  expressed ;  then  digest  it  with  glycerin, 
which  extracts  the  pepsin. 

(6)  Or  the  precipitate  may  be  dissolved  in  dilute  hydro- 
chloric acid  (about  2  per  cent.),  precipitated  afresh  with  lime 
water  to  separate  albumins,  and  to  the  filtrate  a  cold  saturated 
solution  of  cholesterin  in  a  mixture  of  ether  (1)  and  alcohol  (4) 
added ;  shake  well  together,  when  the  precipitated  cholesterin 
will  rise  to  the  surface,  carrying  the  pepsin  with  it.  Collect  on 
a  filter,  and  wash  with  water,  dilute  acetic  acid,  and  again 
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with  distilled  water  till  no  precipitate  is  given  with  silver 
nitrate.  Then  digest  the  residue  with  ether  so  long  as  the 
ethereal  extract  leaves  a  residue  on  evaporation.  Dry  what 
remains  at  a  low  temperature,  and  a  greyish  white  substance  is 
obtained. 

(c)  The  precipitated  phosphate  of  lime  and  pepsin  may  be 
dissolved  as  in  h  in  dilute  hydrochloric  acid  (2  per  cent.),  again 
precipitated  with  lime  water,  expressed  as  before,  and  more  of 
the  dilute  phosphoric  acid  added,  a  little  at  a  time  and  at  long 
intervals  ;  w^ash  the  precipitate  repeatedly  with  distilled  water 
and  dilute  phosphoric  acid.  The  pepsin  is  now  present  in  a 
moderately  pure  condition,  and  may  be  separated  with  glycerin 
as  in  a  or  6. 

2.  Glycerin  Extract. — Cover  the  dried  and  finely  minced 
mucous  membrane  with  absolute  alcohol,  and  after  24  hours 
throw  it  upon  some  muslin  and  express  out  the  spirit ;  then 
transfer  the  mass  to  a  beaker  or  flask  and  cover  it  w  ith  glycerin. 
P'ilter  through  muslin  after  some  days,  and  then  through  filter 
paper,  and  precipitate  the  pepsin  from  the  filtrate  by  the  addi- 
tion of  an  excess  of  absolute  alcohol.  Collect  the  precipitate 
and  dry  it  as  before  (after  Wittig). 

The  glycerin  solution  contains  comparatively  few  foreign 
bodies.  Glycerin  is  slow  in  dissolving  up  the  pepsin,  but 
the  addition  of  a  very  little  acid  greatly  facilitates  the  solu- 
tion ;  and  the  mucous  membrane  in  the  neighbourhood  of  the 
pylorus  yields  up  its  pepsin  more  readily  if  it  has  been  previously 
treated  with  sodic  chloride  solution  (GiiiJTZNER). 

Properties. — Pepsin  is  a  yellowish  or  greyish  white  powder, 
soluble  in  water  and  glycerin,  but  insoluble  in  alcohol.  A 
watery  solution  does  not  diffuse  ;  it  gives  none  of  the  albumin 
reactions,  nor  any  precipitate  with  silver  nitrate,  but  it  is  |)re- 
cipitated  by  the  neutral  and  basic  acetate  of  lead.  In  the  dry 
state  it  may  be  heated  up  to  110°  without  losing  its  properties, 
but  this  is  not  the  case  with  its  solutions. 

Without  the  addition  of  some  dilute  acid  like  hydro- 
chloric, phosphoric,  or  lactic  it  manifests  no  specific  action.  It 
is  without  action  upon  keratin,  nuclein,  starches,  or  fats. 
About  37°  to  38°  is  the  temperature  most  favourable  to  its 
activity.     The  presence  of  0*1  per  cent,  sodic  chloride  aids  the 
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catalytic  action  of  the  pepsin,  but  0-5  to  1  per  cent,  of  this  salt 
interferes  materially-^with  the  process,  while  a  saturated  solu- 
tion throws  down  the  pepsin  from  its  solutions.  An  admixture 
of  bile  is  likewise  detrimental,  as  also  an  excess  of  alcohol. 
While  the  presence  of  arsenic  does  not  interfere  with  the  action 
of  pepsin,  that  of  carbolic  acid  does  so  materially. 

IV.  Preparation  of  Pancreatic  Ferments.—  1.  Some  of  these 
may  be  separated  in  the  same  way  as  ptyalin  (II.,  1  or  2), 
using  the  fresh  minced  pancreas  instead  of  the  salivary  glands. 
The  ferment  thus  obtained  acts  very  energetically  upon  starch 
between  37°  and  40°.  It  converts  glycogen  at  12°  into  sugar.  The 
presence  of  carbonate  of  soda  is  unfavourable  to  this  starch 
conversion,  and  a  temperature  above  70°  stops  the  change, 
although  the  dry  powder  may  be  heated  to  100°  without  sustain- 
ing injury. 

2.  Kill  a  dog  six  hours  or  so  after  a  full  meal,  w^ash  out  the 
pancreas  through  its  vessels  with  iced  water,  then  cut  the  pan- 
creas up  small  and  rub  the  pieces  in  a  mortar  with  clean  sand ; 
macerate  the  product  for  two  hours  with  4  or  5  times  its  volume 
of  water  at  25°  to  30°. 

(a)  Filter  the  decanted  liquor  through  linen,  add  calcined 
magnesia  in  excess  to  the  filtrate,  filter  again  into  a  large  flask, 
and  drop  slowly  into  the  filtrate  one-third  its  volume  of  thick 
collodion ;  shake  vigorously,  and  having  poured  the  mixture  into  a 
wide  beaker,  leave  it  to  evaporate  at  a  gentle  heat,  stirring  con- 
stantly with  a  glass  rod  until  the  ether  has  escaped.  When 
the  precipitate  presents  a  finely  granular  appearance,  separate 
it  by  filtration  through  linen  or  muslin,  and  trea.t  it  as  follows, 
reserving  the  filtrate  for  the  separation  of  the  diastatic  ferment : 
wash  the  precipitate  with  alcohol,  and  extract  it  with  a  mixture  of 
alcohol  and  ether  ;  the  undissolved  residue  is  then  deprived  of 
any  alcohol  and  ether  present  in  it  by  evaporation,  when  it  is 
treated  with  water  and  the  peptone  ferment  dissolved  up,  form- 
ing a  yellow  solution,  from  which  the  ferment  can  be  precipi- 
tated by  alcohol. 

The  ferment  thus  obtained  plays  a  part  more  or  less  like 
pepsin,  acting  better,  however,  in  the  presence  of  an  alkali 
than  of  an  acid.  It  forms  a  yellowish  white  amorphous  powder 
insoluble  in  alcohol,  but  easily  soluble  in  water  or  glycerin. 

M 
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(6)  The  filtrates  from  the  collodion  precipitates  are  rapidly 
evaporated  to  one-sixth  their  combined  volume  under  an  ex- 
hausted receiver,  absolute  alcohol  added,  and  the  whole  laid  aside 
for  a  couple  of  days ;  the  precipitate  thus  formed  is  first  washed 
with  strong  spirit  and  then  with  a  mixture  of  2  parts  alcohol  and 
1  part  water.  Filter  again,  evaporate  in  vacuo,  and  dialyse  the 
concentrated  liquor  ;  to  the  contents  of  the  dialyser  further  con- 
centrated in  vacuo  absolute  alcohol  is  finally  added  to  precipi- 
tate the  diastatic  ferment  (after  Danilewski). 

HiJFNER,  by  macerating  in  glycerin  a  pancreas  whose  frag- 
ments had  lain  several  days  in  alcohol,  obtained  an  amorphous 
ferment  having  all  the  properties  of  pancreatic  juice,  and  acting 
on  starch,  fats,  and  albumins. 

WiTTiCH  extracts  in  a  similar  way  by  mincing  the  pancreas 
of  an  ox,  leaving  it  twenty-four  hours  in  alcohol,  and  then 
digesting  with  glycerin.  The  filtered  extract  is  precipitated 
with  alcohol. 

With  regard  to  the  properties  and  characters  of  these  pan- 
creatic ferments  and  their  origin,  &c.,  see  under  Pancreatic 
Juice. 

V.  Preparation  of  Liver  Ferment. — There  are  probably  two 
ferments  in  the  liver,  a  diastatic  or  sugar-forming  ferment  and 
a  butyric  acid  ferment  (Pribram).  The  diastatic  ferment  is 
thus  prepared  :  Cut  the  fresh  liver  into  pieces,  and  dry  them 
with  blotting-paper ;  then  break  them  up  into  a  fine  pulp,  add- 
ing a  few  drops  of  phenol,  and  having  spread  the  pulp  out  in  a 
thin  layer  on  a  piece  of  porous  porcelain,  dry  it  at  30°.  The 
dried  and  pulverised  mass  is  subsequently  macerated  for  three 
days  in  glycerin.  The  glycerin  extract  is  next  precipitated 
with  alcohol,  and  the  precipitate  redissolved  in  glj^cerin. 

Sodium  chloride  and  sulphate  in  5  per  cent,  solutions  do 
not  affect  its  action  ;  but  the  alkalies  retard  it,  while  the  acids 
hinder  or  retard  it  according  to  the  amount  present. 

Ferments  have  also  been  obtained  from  muscle,  one  analo- 
gous to  ptyalin  (Piotrowsky)  and  another  ai:)parently  identical 
with  pepsin  (BRfCKE);  and  possibly  also  a  third  ferment  is 
present,  which  causes  the  jpost-m^ortem  formation  of  sarcolactic 
acid. 
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*      CHAPTER   V. 

DIGESTION  METHODS  AND  EXPEBIMENTS. 

I.  Conversion  of  Starch  into  Sugar. 
A.  By  Saliva.-^As  salivR,  converts  starch  into  sugar  it  is 
advisable  for  the  student  first  to  perform  the  tests  for  starch 
and  sugar  on  pp.  47,  63,  and  64. 

1 .  Prepare  some  starch  ^mucilage  by  rubbing  a  Httle  starch 
into  a  thin  paste  with  two  or  three  c.c.  cold  water,  and  pouring 
it  into  400  c.c.  boiling  water  ;  then  boil  for  five  to  ten  minutes, 
and  when  cool  decant  the  clear  liquid. 

2.  Conversion  of  Starch  into  Sugar  by  Action  of  Saliva, — 
(a)  Add  a  little  of  the  diluted  saliva  to  some  starch  muci- 
lage contained  in  a  small  beaker,  and  lay  it  aside  for  ten  mi- 
nutes or  so  in  a  hot  chamber  about  35°  to  40°.  It  will  also 
serve  fairly  well  to  place  the  beaker  some  time  in  water  about 
40°,  or  to  gently  warm  it  in  a  test  tube  over  a  flame,  taking 
care,  by. bringing  the  test  tube  from  time  to  time  in  contact 
with  the  palm  of  the  hand,  that  the  temperature  does  not  rise 
much  above  35°. 

(6)  Now  apply  the  tests  for  starch  and  sugar,  and  it  will  be 
seen  that  sugar  has  been  formed,  and  that  the  starch  has  dis- 
appeared in  whole  or  in  part. 

(c)  Influence  of  Temperature^  <&c. — The  same  process 
should  be  repeated  as  in  (a),  with  fresh  portions  of  starch  muci- 
lage and  saliva,  but  with  the  conditions  altered :  thus,  if  a  por- 
tion is  boiled,  the  action  of  the  salivary  ferment  is  destroyed  and 
no  sugar  is  formed ;  if  the  action  is  allowed  to  go  on  at  a  loio 
temperature^  it  will  be  greatly  retarded ;  and  if  at  0°  C.  it  will  be 
entirely  arrested  for  the  time  being.  Note  also  that  with  raw 
starchy  say  that  of  the  potato,  the  conversion  is  very  slow  indeed. 

{d)  Influ&iice  of  the  Presence  of  Acids  or  Alkalies  on  the  Pro- 
cess.— (j)  Add  variable  amounts  of  hydrochloric  acid  to  a  mixture 
of  starch  mucilage  and  saliva,  trying  first  a  4-  per  cent,  and  then 
a  10  per  cent,  solution,  and  it  will  be  found  that  while  the  dilute 
solution  apparently  retards  the  process  the  stronger  solution 
completely  stops  it. 
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It  therefore  follows  that  the  normal  acidity  of  the  stomach, 
which  is  about  that  of  the  -}  per  cent,  solution,  does  not  entirely 
prevent  the  saliva  swallowed  from  continuing  to  act  on  the 
starch  present  (Schiff). 

(ij)  Note  the  retarding  effect  produced  by  the  presence  of 
even  a  small  percentage  of  caustic  soda  or  potash. 

B.  By  Pancreatic  Juice. — Add  a  little  glycerin  extract  of 
pancreas  to  some  of  the  starch  mucilage,  and  proceed  exactly  as 
in  A,  2,  and  it  will  be  found  that  the  results  are  the  same. 

C.  By  Intestinal  Juice. — Add  a  little  to  some  starch  muci- 
lage, warm  gently,  and  test  as  before  for  sugar. 

This  juice  further  changes  cane  into  (jrape  sugar.  Mix  a 
little  of  the  cane  sugar  solution  with  some  of  the  juice,  and  lay 
aside  for  twenty  minutes  or  so  in  a  warm  chamber  (about  40°.) 
Test  before  and  after  with  Fehling's  solution  :  the  cane  sugar 
has  little  reducing  power,  but  after  the  action  of  the  juice  it  re- 
duces the  copper  rapidly,  with  the  formation  of  the  red  or 
yellowish  precipitate  of  cuprous  oxide. 

The  result,  then,  of  the  action  of  these  juices  on  starch  is  to 
convert  it  into  grape  sugar  —from  the  state  of  a  colloid,  in 
short,  into  that  of  a  crystalloid.  Note  this  by  placing  starch 
mucilage  in  one  dialyser  and  solution  of  sugar  in  a  second,  and 
examine  the  fluids  in  which  the  dialysers  float  after  twenty-four 
hours,  when  traces  of  sugar  will  be  detected,  but  none  of  starch. 

It  may  here  be  mentioned  that  according  to  some  recent  researches 
(Wortmann)  bacteria  possess  the  power,  under  certain  conditions,  of 
acting  on  starch  in  a  manner  analogous  to  diastase,  a  ferment  appear- 
ing to  he  secreted  by  them  which,  like  diastase,  is  soluble  in  water 
and  precipitable  by  alcohol,  capable  also  of  acting  on  the  starch  in 
the  absence  of  oxygen,  slightly  acid  solutions  expediting  the  process. 


II.  Conversion  of  Albumins  into  Peptones. 

A.  By  Gastric  Juice. 

1.  Formation  of  Peptones. — Provide  fragments  of  the 
following :  washed  fibrin  that  has  been  boiled,  boiled  or 
roast  meat,  white  of  boiled  egg ;  also  some  fresh  milk.  Place 
them  separately  in  small  flasks  and  cover  them  with  artificial 
gastric  juice ;  then  loosely  cork  them  and  lay  them  aside  in 
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a  warm  chamber  at  a  uniform  temperature  of  38°  to  40°  for 
several  hours,  and  examine  them  from  time  to  time,  shaking 
them  also  frequently.  A  slight  increase  of  the  temperature 
up  to  50°  promotes  the  digestion,  but  the  process  is  materially 
retarded  by  the  temperature  being  lowered  even  a  few  degrees 
below  38°  or  raised  above  50°. 

(a)  On  examination  it  will  be  observed  that  the  solids  have 
swollen  up,  and  -have  lost  somewhat  of  their  opacity,  while  the 
milk  has  undergone  coagulation  from  the  precipitation  of  the 
casein.  Later  the  solids  fall  asunder  and  are  digested  com- 
pletely. 

(6)  A  few  c.c.  of  the  clear  fluid  are  to  be  removed  with  a 
pipette  from  each  of  the  small  flasks  every  fifteen  to  twenty 
minutes  for  the  first  hour,  and  again  after  two  hours  from  their 
first  having  been  placed  in  the  hot  chamber.  This  fluid  is  to 
be  boiled,  when  it  will  be  seen  that  coagulation  occurs  readily 
with  the  specimens  removed  at  first,  but  that  later  the  amount 
of  coagulum  becomes  less  and  less,  until  at  last  no  permanent 
cloudiness  or  indication  of  a  precipitate  occurs,  although  be- 
fore this  is  found  many  hours  must  have  elapsed.  At  this  point 
remove  a  fresh  quantity  from  the  flask,  and  neutralise  it  care- 
fully, when  a  precipitation  takes  place.  That  is,  the  albumin 
has  been  changed  into  a  body  tvhich  does  not  coagulate  on  boil- 
ing, and  which  is  thrown  down  by  neutralisation.  This  is 
acid  albumin,  or,  as  it  has  also  been  termed,  parapeptone, 
syntonin  or  albicmose, 

(c)  Examine  specimens  at  a  still  later  period,  say  after  the 
lapse  of  four  or  even  ten  hours.  (But  if  the  peptones  are  re- 
quired earlier,  or  in  larger  quantity,  digest  a  considerable 
amount  of  the  proteid  with  the  juice,  and  after  a  couple  of 
hours  decant  and  filter  through  coarse  filter  paper ;  neutralise 
the  filtrate  accurately,  and  if  any  precipitate  of  acid  albumin 
occurs,  filter  it  off,  and  the  peptones  will  be  obtained  in  this 
second  filtrate.) 

(1)  Boil — no  precipitate. 

(2)  Neutralise — no  precipitate. 

Acid  albumin  is  therefore  no  longer  present,  but  a  new  body, 
peptone.  Apply  to  the  solution  the  different  tests  given  under  Albu- 
min,  noting  that — 
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(1)  It  gives  the  protein  reactions — Millon's,  the  xanthoproteic, 
and  a  purple  red  coloration  with  excess  of  Fehling's  solution. 

(2)  It  dialyses. 

(3)  It  is  precipitated  by  alcohol,  and  by  strong  solutions  of  mer- 
curous  and  mercuric  nitrate  and  mercuric  chloride,  plumbic  ammoiiio- 
subacetate,  and  tannic  acid. 

(4)  It  is  not  precipitated  by  acids  or  alkalies,  acetic  acid  and 
potassic  ferrocyanide,  nor  by  cupric  sulphate  or  earthy  salts. 

2.  Influence  of  Excess  of  Acid,  Teinjperature,  &c. — Place 
fragments  of  the  boiled  fibrin  in  three  additional  flasks, 
and  add  to  these  respectively  (1)  10  c.c.  dilute  hydrochloric 
acid  (jr  per  cent.),  (2)  10  c.c.  artificial  gastric  juice  that  has 
been  boiled,  and  (3)  10  c.c.  of  the  same  juice  that  has  been 
exactly  neutrcdised.  These  flasks,  when  labelled,  a  re  to  be  placed 
in  the  hot  chamber  (at  40°)  and  occasionally  examined.  (4)  A 
small  flask  containing  fibrin  and  artificial  gastric  juice  is  to  be 
placed  in  an  ice  chamber ;  and  (5)  three  other  flasks  with  the 
same  contents  as  in  (4),  but  with  the  fragment  of  fibrin  in  the 
first  firmly  tvrapped  round  with  silk  thread,  and  with  the 
addition  of  some  strong  solution  of  sodic  chloride  to  the  second, 
and  some  drops  of  strong  hydrochloric  acid  to  the  third,  are 
also  to  be  placed  in  the  hot  chamber  (40°). 

Note  :  with  (1)  that  no  peptone  has  been  formed,  acid  albumin 
only  being  present,  which  is  shown  by  its  precipitation  when  the 
fluid  is  neutralised.  Acid  alone  is  therefore  incapable,  or  nearly  so 
(Wittich),  of  forming  peptone.  With  (2)  the  same  result  as  with  (1), 
the  action  of  the  pepsin  having  been  destroyed  by  the  boiling,  and  the 
acid  alone  acting.  With  (3)  the  fibrin  remains  unaltered,  the  pepsin 
not  acting  on  the  fibrin  in  the  absence  of  free  acid ;  but  that  the 
action  is  only  suspended  can  be  shown  by  adding  more  dilute  hydro- 
chloric acid.  With  (4)  it  will  be  seen  that  the  low  temperature  stops 
the  action;  while  in  (5)  the  digestive  action  is  greatly  retarded  by 
the  fibrin  being  prevented  from  swelling  up  by  the  mechanical  pres- 
sure and  by  the  presence  of  excess  of  common  salt  and  of  acid. 

3.  To  shoiu  the  continuous  ferment  action  of  the  pepsin, 
place  some  pieces  of  fibrin  in  a  small  dialyser,  and  having 
added  a  sufficiency  of  artificial  gastric  juice,  suspend  it  in  warm 
water  inside  a  hot  chamber  (40°).  If  fresh  acid  (4-  per  cent, 
hydrochloric  acid,  or  better  dilute  phosphoric  acid)  is  poured  in 
occasionally,  additional  pieces  of  fibrin  may  continue  to   be 
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added  without  retarding  the  process,  conversion  into  peptones 
continuing,  which  w<:>uld  not  be  the  case  if  the  peptones  were 
allowed  to  accumulate,  but  as  they  dialyse  out  the  action  of  the 
juice  is  not  thereby  hindered. 

For  the  gastric  juice  to  act  advantageously  we  thus  see 
that  it  Wiiist  contain  pepsin,  and  that  it  is  necessary  for  the 
temperature  to  he  kept  about  40°  (7.,  for  a  normal  acidity  to 
he  maintained,  and  for  the  peptones  formed  not  to  he  alloived 
to  accumulate. 

B.  By  Pancreatic  Juice. 

1.  Proceed  as  in  A,  using  glycerin  extract  of  pancreas 
diluted  with  sodic  carbonate  solution  (1  per  cent.)  instead  of  the 
artificial  gastric  juice,  and  fragments  of  boiled  fibrin  in  prefer- 
ence to  any  of  the  other  proteids. 

Peptones  will  be  formed,  as  with  the  gastric  juice,  and  it  will 
be  found  that  a  temperature  about  35°,  a  moderate  degree  of 
alkalinity  instead  of  acidity,  and  a  certain  lapse  of  time  are 
necessary  for  the  conversion.  The  physical  change  in  the  pro- 
teids differs  slightly  from  that  effected  by  the  artificial  gastric 
juice,  as  is  well  seen  in  the  case  of  the  fibrin,  where  this  body 
appears  to  be  eaten  away  rather  than  rendered  transparent  and 
dissolved,  as  with  the  gastric  juice. 

2.  Some  of  the  peptone  formed  is  afterwards  decomposed 
into  leucin  and  tyrosin,  &c.  Let  the  digestion  go  on  for  a 
day  or  two,  then  acidulate  with  acetic  acid  and  boil,  and  if  any 
precipitate  occurs  filter ;  evaporate  the  filtrate  at  about  G5°, 
and  when  considerably  reduced  in  volume  add  to  it,  while  yet 
hot,  alcohol  to  precipitate  the  peptones ;  filter  after  twenty- 
four  hours,  and  having  evaporated  the  filtrate  to  a  small  bulk, 
let  it  cool,  when  tyrosin  crystallises  out.  The  mother  liquor, 
when  decanted  and  evaporated  still  further,  yields  crystals  of 
leucin.  Purify  the  tyrosin  by  washing  it  on  a  filter  successively 
with  ice-cold  water,  spirit,  absolute  alcohol,  and  ether;  and 
after  allowing  the  crystals  of  leucin  to  drain  completely  on  a 
filter,  proceed  exactly  with  their  purification  as  with  the  tyrosin 
crystals. 

(a)  Test  the  Leucin. — Note  the  appearance  of  the  leucin,  if 
pure,  in  the  form  of  white  and  glistening,  fatty-looking  leaflets, 
and  under  the  microscope  often  appearing  in  the  form  of  little 
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glistening  balls,  occasionally  radially  striated.  Add  some  crys- 
tals to  a  little  cupric  hydrate  in  a  test  tube,  and  an  intense 
blue  fluid  will  be  obtained  on  boiling.  Or,  if  the  dry  crystals 
are  heated  in  a  subliming  tube,  the  lencin  will  sublime  in 
woolly  masses,  part  decomposing  with  the  odour  of  methylamine. 

(6)  Test  the  Tyrosin. — It  occurs  in  bunches  of  felted,  silky- 
looking  white  needles,  though  occasionally  in  hard  white  balls. 
Dissolve  a  few  crystals  in  hot  water  and  boil  two  or  three  minutes 
with  a  few  drops  of  Millon's  reagent,  and  a  rosy  red  to  a  dark 
red  colour  is  obtained  (Hoffmann).  Or  dissolve  some  crystals 
in  strong  sulphuric  acid,  and  heat  over  a  water  bath  for  half  an 
hour  ;  dilute  it  well  with  water  and  saturate  with  carbonate  of 
baryta,  filter,  evaporate  nearly  to  dryness,  and  filter  again  if 
necessary  ;  now  treat  the  residue  or  the  filtrate  with  very  dilute 
ferric  chloride  solution,  when  a  violet  coloration  is  obtained 
(Pikia). 

(c)  The  ultimate  mother  liquor  is  then  to  be  tested  for 
naphthilamine  by  diluting  a  few  drops  of  it  with  water,  and  then 
slowly  adding  chlorine  water,  when  a  rose-red  colour  appears. 

{d)  Boil  a  little  more  of  the  same  diluted  mother  liquor  in 
a  test  tube,  then  add  a  few  drops  of  dilute  suljphuric  acid  and 
of  a  dilute  nitrite  solution,  and  a  red  colour  shows  itself,  in- 
dicating the  presence  of  indol. 

Instead  of  the  nitrite  a  solution  may  be  employed  of 
nitrous  acid,  readily  obtained  by  filling  a  small  flask  with  the 
red  fumes  of  nitrous  acid  by  boiling  a  little  nitric  acid  with 
copper  foil,  then  suddenly  inverting  the  flask,  and  having  thus 
discharged  the  foil  and  nitric  acid,  adding  a  little  cold  water 
and  shaking  for  a  few  minutes. 

III.  Digestion  of  Fats. 

A.  By  Pancreatic  Juice, — Use  a /res/i  watery  infusion,  as  a 
simple  watery  infusion,  if  kept,  tends  to  become  acid. 

1 .  It  emulsifies.  Eub  a  little  olive  oil  or  melted  lard  (of 
a  temperature  below  40°)  with  rather  more  than  twice  its 
volume  of  the  simple  watery  alkaline  infusion  of  pancreas  in  a 
small  mortar  that  has  been  taken  warm  out  of  hot  water.  A 
creamy  emulsion  is  formed,  which  remains  as  such  for  several 
hours. 
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2.  It  also  saponifies,  decomposing  the  fat  and  liberating 
the  fatty  acid  and  -glycerin.  Add  a  little  of  the  watery  infu- 
sion, that  has  been  carefully  neutralised,  to  a  few  drops  of  olive 
oil  in  a  test  tube.  Shake  well  and  expose  to  a  gentle  heat  for 
a  short  time.  Then,  by  means  of  a  pipette,  transfer  a  drop 
from  the  bottom  of  the  test  tube  to  a  piece  of  blue  litmus 
paper,  and  a  red  spot  will  be  left  when  the  drop  is  thrown  off. 

B.  By  Bile.^-\.  Rub  some  olive  oil  with  an  equal  amount 
of  fresh  ox  bile  in  a  mortar,  and  then  pour  the  mixture  into 
a  small  flask,  where  it  is  to  be  well  shaken  for  some  minutes.  An 
emulsion  is  formed,  which  remains  permanent  for  a  short  time. 

2.  To  show  that  fatty  bodies  more  readily  penetrate  mem- 
branes moistened  with  bile  than  with  tvater,  take  two  small 
filters,  and  after  brushing  one  with  water  and  the  other  with 
fresh  bile  or  a  watery  solution  of  it,  pour  an  equal  quantity  of 
oil  into  each  filter,  and  leave  aside  for  a  few  hours,  taking  care 
to  keep  the  filters  sufficiently  moistened  on  their  outer  or 
lower  surface  w^ith  water  and  bile  respectively.  It  will  then 
be  seen  that  some  of  the  oil  has  passed  through  the  filter 
moistened  with  bile,  but  none  through  that  wetted  with 
water. 


CHAPTER   VI. 

CIIE3IISTRY   OF  THE  DIGESTIVE  SECRETIONS. 

The  Saliva  —  This  is  the  first  secretion  to  whose  action  the 
food  is  exposed.  It  is  the  product  of  the  combined  secretion 
of  the  parotid,  submaxillary,  and  sublingual  glands.  In  the 
mouth  these  secretions  are  mixed  together  as  well  as  with  the 
mucus  secreted  in  that  cavity  itself.  The  mixed  saliva  forms 
a  clear  or  glairy,  frothy,  and  generally  turbid  fluid  without  taste 
or  smell,  having  a  sp.  gr.  of  1002  to  1006,  an  alkaline  reaction, 
and  almost  0*5  per  cent,  of  solids,  of  which  0*2  consists  of  salts, 
and  the  rest  of  ptyalin,  globulin,  and  serum  albumin.  It  de- 
posits a  sediment  in  which  are  epithelial  cells  from  the  mouth 
and  salivary  corpuscles — little  bodies  resembling  the  pale  cor- 
puscles of  the  blood  and  probably  derived  therefrom.  The  al- 
kaline reaction  seems  to  depend  on  the  presence  of  bicarbonates 
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and  phosphates  of  the  alkalies,  though  the  combination  of  the 
ptyalin  with  soda  may  assist.  Saliva  from  different  individuals 
may  show  a  constant  difference  in  alkaUnity,  although  it  varies 
only  within  narrow  limits  ;  and  while  showing  within  certain 
limits  in  the  same  individual  a  constant  degree  of  alkalinity, 
there  is  a  decided  and  constant  difference  in  different  indivi- 
duals, but  no  constant  corresponding  difference  in  diastatic 
action  (Chittenden). 

Chemical  Composition. — The  important  bodies  present  in 
saliva  are  the  diastatic  ferment,  ptyalin,  mucin,  and  the  chlorides 
of  sodium  and  potassium  ;  in  addition  are  found  traces  of  albu- 
min, fat,  potassic  sulphocyanide,  sulphates  and  phosphates  of 
the  alkalies  and  alkaline  earths,  and  sometimes,  even  in  normal 
saliva,  urea  and  ammonic  nitrite. 

Mixed  Saliva  -  Human  (Jacubowitsch). 

Water 9951 

Solids 0-48 

Soluble  organic  bodies  (ptyalin,  kc.)  .         ,  013 

Epithelium 0*16 

Inorganic  salts     .......  0*182 

Potassic  sulphoc3'anide         .         .         .         .         .  0'006 

Potassic  and  sodic  chlorides         ....  0-084: 

3Iixcd  Saliva— Human  (Hammerbacher), 

Water 02-42 

Solids 0-58 

Epithelium  and  micin 0-22 

Ptj'alin  and  albumin    .         .         .         .         .         .0*14 

Inorganic  salts 0-22 

Potassic  sulphocyanide 0-004 

J«  100  Parts  Solids. 

Epithelium  and  mucin          .....  37-98 

Ptyalin  and  albumin 23-97 

Inorganic  salts     .......  38*03 

In  100  Parts  Ash. 

Potash 45-71 

Soda 9-59 

Lime 5-01 

Magnesia      .         .         .         .         .         .         .         .  0-16 

Phosphoric  anhydride  ......  18-85 

Sulphuric           „ 6-38 

Chlorine 18-35 

1-8  per  cent,  of  the  sulphuric  acid  existed  as  such,  the  rest  being  derived 
from  the  organic  matter. 
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E?fDERLiN  gives  in  the  100  parts  of  ash  92-37  as  sohible  and  5*51 
as  insoluble,  of  which'«odie  chloride=61'93,  sodic  phosphate =28 '12, 
phosphate  and  carbonate  of  lime=5-51,  and  sodic  carbonabe=2-31. 


Parotid  Saliva 

S  ah  mamillary 

(Human). 

Saliva  (Dog). 

(HOPPE  Seyler) 

(Hertek) 

Water     . 

.     99-32 

99-44 

Solids     , 

, 

.       0-68 

0-59 

Mucin  and  epithelium    . 
Soluble  organic  bodies  . 

■  1  0-34 

0066 
017 

Potassic  sulphocyanide  . 

.       003 

— 

Inorganic  salts 

.       0-31 

043 

Saliva  of  Horse 

(Ellenberger  and  Hofmeister). 

Parotid 

Submaxillary 

Sp.  gr.        . 

1006-1007-5 

1003 

Water 

9916 

99-25 

Solids 

0-84 

0-75 

Salts 

0-59 

0-25 

Organic  matter 

0-24 

0-49 

Acid  albuminate 

0-008 

0058 

Albumin   . 

0174 

— 

Fat   . 

0001 

— 

Mucin 

In  100 

Parts  Ash. 

0-358 

Soluble 

9314 

Insoluble 

6-86 

Sodic  chloride 

. 

40-05 

Potassic     „ 

24-35 

Phosphate  and  cai 

'bonate 

of  Hme 

6-80 

Sodic  carbonate    . 

j_i.  -  

_-!__•„    -.__! •^^ 

.     23-36 

Some  authorities  give  the  mucin  in  submaxillary  saliva  as  about 
0-2  per  cent.,  the  ptyalin  as  about  Oil  per  cent.,  and  the  salts  0-2  per 
cent,,  of  which  the  chlorides  form  0-07  per  cent,  and  the  phosphates 

0-08  per  cent. 

Gases  oftJie  Suhnaxillary  Saliva  (Pfluger). 

Per  cent. 

Oxygen 0-4  to    0-6 

Free  carbonic  anhydride  ....  19-3  „  22-5 
Combined  „  ....  29-9  „  422- 
Nitrogen 0-7  „     0-8 

The  secretion  is  therefore  much  richer  than  venous  blood  in 
carbonic  acid  and  poorer  in  nitrogen. 

The  parotid  secretion  is  very  clear  and  watery,  and  not  at 
all  viscid.     It  contains  little  or  no  mucus  or  formed  elements. 


172     DIGESTION  AND    THE  SECRETIONS   CONCERNED. 

The  reaction  of  the  first  secreted  saliva  is  less  alkaline  than  that 
secreted  later,  although,  according  to  Astaschewsky,  it  has  a 
faintly  acid  reaction  that  gives  place  to  an  alkaline  reaction 
when  the  mucous  membrane  of  the  mouth  is  slightly  irritated. 
On  standing  the  secretion  becomes  turbid,  owing  to  the  escape 
of  carbonic  acid  and  the  consequent  precipitation  of  calcic  car- 
bonate. When  the  saliva  is  boiled  this  salt  is  likewise 
deposited,  and  a  slight  coagulum  of  albumin  is  formed.  Of  the 
ferment  ptyalin  about  ^  per  cent,  has  been  obtained  in  the 
human  parotid  saliva,  but  only  about  \  per  cent,  in  that  of  the 
horse,  while  in  rabbits  and  guinea  pigs  it  is  more  abundant 
than  in  man  ;  parotid  saliva  accordingly  is  comparatively  rich 
in  ptyalin  and  poor  in  mucin.  It  also  varies  in  amount  during 
the  day,  less  being  secreted  immediately  after  a  meal.  As  con- 
stituents more  or  less  peculiar  to  it  the  parotid  saliva  contains 
paraglobulin ,  caproic  acid,  urea,  and  traces  of  sulphates. 

The  sublingual  saliva  is  rich  in  salivary  corpuscles  and 
mucus,  and  is  strongly  alkaline,  very  viscid  and  thready,  and 
appears  to  be  the  richest  of  the  salivas  in  solids  and  ptyalin. 
Heidenhain  found  2*75  per  cent,  of  solids  in  the  dog.  Traces 
of  cholesterin  and  fat  have  been  met  in  it. 

The  character  of  the  submaxillary  saliva  is  dependent  on 
the  exciting  stimulus  to  its  secretion — it  is  more  alkaline  than 
the  parotid  secretion,  and  more  viscid  from  "^e  presence  of 
mucus  ;  it  is  also  rich  in  corpuscles,  poor  in  ptyalin,  and  has 
an  average  sp.  gravity  of  1002  to  1003.  ^ 

(a)  Stimulation  of  the  chorda  tympani  or  of  the  lingual,  as  when 
acids  are  applied  to  the  surface  of  the  tongue,  causes  a  normal  rich, 
alkaline  secretion  {chordal  saliva),  but  apparently  containing  no 
ptyalin;  a  much  quicker  stream  of  arterial  blood  also  traverses  the 
gland;  but  with  long- continued  stimulation  the  percentage  of  organic 
solids  somewhat  diminishes,  although  at  first  the  mucin  is  specially 
increased,  strong  stimulation  al?o  particularly  augmenting  the  organic 
solids.  The  secreted  saliva  is  moreover  V  warmer  than  the  arteiial 
blood  entering  the  gland  (Ludwig).  Heidenhain  gives  the  solids  as 
3  per  cent.,  of  which  2*5  are  organic  and  0*5  inorganic  ;  but  by 
other  authorities  they  are  given  as  1*2  to  1*4:  per  cent. 

(p)  Stimulation  of  the  sympatlietic^  or  the  ajiplication  of  pepper  or 
alkalies  to  the  tongue,  causes  an  outpouring  of  a  strongly  alkaline 
secretion  (symjmthetic  saliva)  of  high  specific  gravity  (1007  to  1018), 
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but  it  is  viscid  and  turbid,  flows  slowly,  and  is  very  rich  in  mucus 
and  irregularly  formed  cell  elements.  The  small  arteries  are  con- 
tracted and  the  currenl;  of  blood  is  rendered  slower,  the  venous  blood 
being  very  dark  and  poor  in  oxygen.  In  this  secretion  2*7  per  cent, 
solids  may  be  present  (Eckhard),  or  as  much  as  5 '8  per  cent. 
(Heidenhain). 

(y)  The  secretion  may  also  follow  p(2r«^^S2*s  of  the  nerves  swpplying 
the  gland^  either  from  section  or  curara  poisoni7ig  {paralytic  saliva, 
Bernard).     It  is  very  watery  and  contains  little  solids  or  mucus. 

Quantity  and  Stimuli. — The  amount  secreted  in  the 
twenty-four  hours  cannot  be  constant,  for  estimates  varying  be- 
tween 13  oz.  and  3*3  lbs.  have  been  given.  Its  secretion  may 
be  excited  by  the  sight  or  even  the  thought  of  food ;  also  by 
the  movements  of  mastication,  the  vapours  of  ether  or  acetic 
aoid,  or  by  electric  excitation.  Jacobson's  nerve  when  stimu- 
lated causes  a  watery  secretion  in  which  the  ptyalin,  albu- 
min, and  salts  are  diminished  ;  and  when  stimulation  of  the 
sympathetic  occurs  simultaneously  a  copious  secretion  is  ob- 
tained containing  the  organic  constituents  in  abundance  to- 
gether with  a  slight  increase  of  the  salts.  In  a  previous 
paragraph  the  stimuli  that  excite  secretion  in  the  submaxillary 
gland  have  been  referred  to  in  detail.  Atropin  paralyses, 
while  pilocarpin  and  eserin  stimulate  the  activity  of  the 
gland. 

Functions-. — It  moistens  the  food,  and  by  keeping  the 
mucous  surface  of  the  mouth  wet  it  assists  in  mastication  and 
deglutition.  Fats  are  very  feebly  emulsified  by  saliva,  and  so- 
luble substances,  such  as  sugar,  are  dissolved,  thus  enabling 
them  to  be  tasted ;  but  its  great  function  is  the  conversion  of 
some  of  the  starch  of  the  food  into  sugar:  3(CgH,o05)-h3H20 

starch 

=  C,H,  A  +  2(C,H,„0,)  +  2H,0  =  3(C,H„0e ). 

grape  sugar  dextrin 

According  to  Mering,  however,  when  starch  is  acted  on  by 
saliva  it  yields  dextrin  and  maltose  ifii'^^z^w)  ^^  first,- but  by 
a  prolonged  action  some  grape  sugar  is  produced  as  the  result  of 
decomposition  of  the  maltose.  Two  different  dextrins  also  are 
produced,  of  which  one  is  attacked  by  ferments  and  the  other 
not. 

The  rabidity  of  the  conversion  of  the  starch  depends  not 
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only  on  the  quality  of  the  saliva,  the  parotid  acting  more  slowly 
than  the  submaxillary,  owing  to  the  smaller  proportion  of  p©^ 
.si»  present  in  it ;  but  also  it  is  affected  by  the  quality  and 
aggregation  of  the  starch.  The  diastatic  ferment  on  which  the 
property  depends  is  destroyed,  as  we  have  already  seen,  by  a 
high  temperature,  by  the  rapid  action  of  strong  acids  and  alka- 
lies, or  by  the  prolonged  action  of  weak  acids  or  alkalies. 
Chittenden  and  Gtriswold  find  that  the  presence  of  acid,  as 
hydrochloric,  to  the  amount  of  0*005  per  cent,  decidedly  increases 
the  diastatic  action,  while  an  increase  beyond  this  diminishes 
it,  the  action  stopping  with  solutions  of  acid  from  O'l  to  0*4 
per  cent. ;  the  diastatic  action  of  the  saliva  would  therefore 
appear  soon  to  cease  in  the  stomach,  but  the  peptones  in  that 
organ  exercise  a  decided  influence  on  salivary  digestion,  stimu- 
lating the  ferment  to  increased  action,  particularly  in  presence 
of  acid,  which  by  itself  may  completely  prevent  the  conversion 
of  starch  into  sugar. 

Peptone-forming  ferments  have  been  isolated  from  the 
saliva  of  some  animals  by  HiJFNER  and  MuNK,  which  digest 
fibrin  in  presence  of  0*02  per  cent,  hydrochloric  acid.  Hufner's 
ferment  acts  in  an  acid  as  well  as  in  an  alkaline  medium,  but 
Munk's  only  in  an  acid  medium. 

In  addition  to  its  action  on  starch  the  saliva  also  serves  to 
carry  away  potash  salts  and  excess  of  water  which  are  absorbed 
lower  down,  thus  helping  to  maintain  a  constant  round  in  the 
circulation. 

Reactions. — 1.  When  saliva  is  boiled  it  becomes  turbid  from 
the  precipitation  of  albumin ;  and  a  similar  precipitate  can  be 
obtained  by  the  action  of  alcohol,  acetate  of  lead,  mercuric 
chloride,  and  tannin. 

2.  Ferric  chloride  gives  with  it  a  blood  red  colour,  owing  to 
the  presence  of  potassic  sulphocyanide.  This  red  colour  is  re- 
moved by  mercuric  or  auric  chloride,  but  not  by  hydrochloric 
acid  ;  the  presence  of  alkaline  solutions  or  of  energetic  oxidising 
or  reducing  agents  interferes  with  its  delicacy.  The  red  colour 
resembles  that  given  by  meconic  acid,  but  the  colour  of  the 
meconate  thus  formed  is  not  bleached  by  mercuric  chloride. 
Acetic  and  formic  acids  also  give  a  red  tint,  but  this  is  removed 
by  hydrochloric  acid.     To  obtain  this  reaction  satisfactorily  it 
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may  often  be  necessary  to  distil  the  saliva  with  phosphoric 
acid,  and  test  the  first  of  the  distillate.  The  test  may  also  be 
thus  applied :  Imm^se  strips  of  paper  in  an  amber-coloured 
solution  of  ferric  chloride  to  which  a  few  drops  of  hydro- 
chloric acid  have  been  added,  and  then  let  them  dry.  A  drop 
of  saliva  will  give  a  red  spot  if  applied  to  the  pajper  thus  pre- 
pared. 

3.  Immerse  a  piece  of  Swedish  filter  paper  in  freshly  pre- 
pared tincture  of  guaiacum,  and  after  it  has  dried  pass  it 
through  a  dilute  colourless  (about  -^VP^^  cent.)  solution  of  cupric 
sulphate.  When  a  bit  of  this  prepared  paper  is  immersed  in 
saliva  it  becomes  blue  at  once  (Bottger's  test). 

4.  It  gives  a  yellow  or  blue  coloration  on  the  addition  of 
iodic  acid,  owing  to  the  liberation  of  iodine  (Solera).  And 
the  presence  of  nitrous  acid  may  be  shown  by  the  yellow  colora- 
tion given  with  diamido-benzol  sulphate. 

Determination  of  the  Sulphocyanide  or  Thiocyanate  (KCNS). — 
Dissolve  perfectly  dry  potassic  sulpbocyanide  0*05  gram  in  water 
(say  100  e.c),  and  add  to  it  ferric  chloride  till  no  more  intensity  of 
colour  is  produced  ;  then  measure  the  volume  of  liquid.  This  is  the 
test  solution  a. 

Now  take  a  definite  volume  of  the  saliva,  and  place  it  in  a  small 
graduated  cylindrical  glass  vessel ;  add  to  it  a  drop  or  two  of  hydro- 
chloric acid  and  ferric  chloride  with  brisk  stirring  until  its  maximum 
of  intensity  of  colour  is  obtained ;  call  this  h. 

Having  carefully  noted  the  intensity  of  tint  of  h,  place  three  or 
four  similar  cylinders  to  that  holding  the  saliva  beside  it  on  a  piece 
of  white  paper  in  a  good  light :  then  add  to  one  of  these  by  means  of 
a  graduated  pipette  a  few  c.c.  of  the  ferric  sulphocyanide  solution  {a)', 
make  it  up  to  the  same  volume  as  the  saliva  [b)  with  distilled  water. 
After  stirring  ^vell  note  the  intensity  of  colour  by  looking  vertically 
downwards  through  the  column  of  liquid,  and  compare  it  with  that  of 
the  saliva.  If  not  of  so  deep  a  red  tint,  a  fresh  experiment  must  be 
made  in  the  same  way,  but  using  more  of  the  sulphocyanide  test  solu- 
tion. We  thus  proceed  till  an  equal  intensity  of  colour  is  obtained 
in  the  two  columns  of  liquid.  From  the  amount  of  the  test  solution 
a  required  we  can  easily  calculate  the  percentage  of  sulphocyanide 
in  the  saliva. 

Pathology.  — In  catarrh  of  the  mouth  and  intestinal  tract  the  saliva 
is  acid,  also  occasionally  acid  in  carcinoma  of  the  liver  and  typhus  fever, 
in  muguet,  and  frequently  in  dyspepsia,  though  in  this  last  it  may  be 
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due  to  admixture  with  acid  mucus.  In  diabetes  the  saliva  may  be 
acid  and  contain  hictic  acid,  but  this  is  exceptional ;  it  may  have  a 
foetid  odour  in  gingivitis,  scurvy,  and  mercurial  salivation ;  in  liver 
diseases  bile  jngrneyits  may  show  themselves  (Wright),  though  this 
is  denied  by  Hoppe  Seyler  ;  in  Bright's  disease  urea  is  abundant, 
and  in  hysteria  leucin  has  been  found.  The  amount  may  be  much 
diminished  in  fevers,  and  in  chlorosis  it  is  very  poor  in  organic  and 
inorganic  solids.  In  the  period  of  dentition  of  children  the  amount  is 
ahnormally  increased ;  the  same  may  be  sometimes  observed  in  hysteria, 
and  especially  after  the  prolonged  use  of  mercury.  In  mercurial  sali- 
vation the  secretion  is  alkaline,  rich  in  solids,  especially  in  mucus, 
and  in  fiits,  salts,  and  albumin;  it  is  often  less  transparent,  and 
seldom  contains  any  sulphocyanide ;  but  later  it  becomes  thinner 
and  clearer,  and  contains  sulphocyanide  and  mercury.  After  the  use 
of  iodides  and  bromides  these  bodies  rapidly  appear  in  the  saliva ;  but 
neither  salts  of  mercury  nor  iron  are  thus  excreted,  although  the 
former  are  stated  to  appear  by  some  observers.  That  the  saliva  may 
become  poisonous,  or  at  least  much  altered  in  its  properties,  when 
secreted  under  the  influence  of  passion  is  \  ery  probable. 

Salivary  calculi  are  occasionally  met  with,  of  an  elongated  form, 
a  dirty  white  colour,  and  formed  of  concentric  layers.  They  vary  in 
size,  appearance,  and  composition,  but  their  components  are  gene- 
rally— 

Per  cent. 

Calcic  phosphate 30  to  80 

„       carbonate 11  „  15 

Organic  matter 5  „  25 

The  tartar  of  the  teeth  is  of  a  greyish,  yellowish,  or  brownish 
colour  ;  tufts  of  le})tothrix  buccalis  are  generally  present ;  and  it  con- 
sists chiefly  of  phosphate  of  lime  with  a  little  carbonate  of  lime  and 
phosphate  of  iron  :-- 

Per  cent. 
Calcic  phosphate      .         .         .         .         .         .     55  to  64 

„      carbonate      .        .        .        .        .         .       7  „  8 

Ferric  phosphate      .        .         .         .         .        .       1  „  3 

Kesidue  consisting  of  organic  matter,  salts  of 

the  alkalies,  and  silica,  &cc        .         .         .     24  „  28 
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CHAPTER   VII. 
GASTRIC  JUICE. 


The  gastric  juice  is  a  thin,  transparent,  faintly  yellowish  fluid, 
having  an  intensely  acid  reaction,  a  sp.  gravity  varying  between 
1001  and  1010,  and  containing  from  ^  to  1  per  cent,  solids,  of 
which  two-thirds  or  less  is  organic  and  one-third  inorganic. 

In  addition  to  the  acid  gastric  juice  secreted  by  the  stomach 
an  alkaline  juice,  or  succus  pyloricus  (Klemensjewicz),  is  fur- 
nished by  the  pyloric  end ;  while  the  latter  is  continuous  in  its 
secretion  the  former  is  intermittent.  The  normal  juice  of  the 
stomach  consists  of  a  mixture  of  these  two.  The  succus  pylo- 
ricus is  described  as  being  alkaline,  having  a  sp.  gravity  of  1009 
to  1010,  and  1*6  to  2  per  cent,  of  solids ;  and  is  said  to  convert 
starch  into  sugar,  and  to  digest  albumin  after  the  addition  of 
hydrochloric  acid,  also  dissolving  gelatin,  but  having  no  action 
on  fat.  This  pyloric  juice  gives  the  mucin  reactions,  as  well  as 
a  milky  flocculent  precipitate  with  nitric  acid.  In  a  state  of  rest 
the  slimy  secretion  formed  by  the  stomach  is  alkaline. 

■  Quantity. — The  amount  is  very  variable,  and  very  widely 
differing  estimates  have  been  given  as  to  the  quantity  secreted 
in  the  twenty-four  hours.  Bidder  and  Schmidt  gave  it  as 
14  lbs.,  C.  Schmidt  and  Grunewald  as  24-6  per  cent,  of 
the  body  weight  (over  36  lbs.)  in  the  twenty-four  hours,  or 
about  18  oz.  per  hour.  It  may  be  stated  to  vary  between  16 
to  31  lbs.,  or  an  average  of  20  pints. 

Chemical  Composition. — The  important  constituents  are  free 
acid  and  pepsin  ;  this  acid  is  hydrochloric,  and  it  is  the  only 
acid  the  fresh  juice  contains,  but  on  standing  traces  of  lactic, 
acetic,  or  butyric  may  show  themselves  (Richet).  The  free 
hydrochloric  acid  forms  0*24  to  0*42  per  cent.  (Schmidt)  ;  but 
the  mean  acidity,  according  to  Richet,  is  0*17  per  cent.,  though 
it  is  occasionally  as  high  as  0*32  per  cent,  and  as  low  as  0*05 
per  cent.  The  juice  is  more  acid  during  digestion,  and  the 
amount  increases  with  the  process ;  but  the  acidity  is  not  so 
variable  as  the  proportion  of  pepsin ;  Schmidt  gives  the 
latter  as  0*3  per  cent. ;  but  Schmidt's  pepsin,  as  we  have  seen, 
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was  impure.  In  the  dog  the  free  acid  is  nearly  six  times  what 
it  is  in  man,  although  Szabe  is  of  opinion  that  the  free  acid  of 
human  gastric  juice  is  much  more  than  is  generally  supposed 
(0*3  per  cent.) 

Aimlysis  of  Gastric  Juice  {Human)  mixed  with  some  Saliva. 
(After  C.  Schmidt,  &c.) 

Water 9944 

Solids 0-56 

Organic  substances  (pepsin  and  peptones)        .  0"32 

Free  hydrochloric  acid 025 

Sodic  chloride  .......  0-14 

Potassic     „ 0-05 

Calcic        „ 0-006 

Phosphates  of  lime,  magnesia,  and  iron  .         .  0-015 

When  gastric  juice  is  added  to  a  mixture  of  starch  and  po- 
tassic iodide  and  iodate,  the  free  hydrochloric  acid  causes  a  blue 
colour  to  appear,  although  the  juice  does  not  generally  effervesce 
with  bicarbonates.  Boiling  causes  no  precipitation  of  the  juice, 
but  a  precipitate  is  given  with  acetate  of  lead,  and  silver  nitrate, 
and  alcohol  in  excess. 

In  gastric  juice  we  generally  meet  with  seme  mucin  as  well 
as  peptones  ;  also  traces  of  fats,  while  phosphates  and  sulphates 
of  the  alkalies  are  almost  completely  absent.  Great  differences 
exist  in  health  in  the  gastric  juice  even  of  the  same  animal, 
and  in  dogs,  sheep,  and  horses  the  solids  are  more  abundant 
than  in  man. 

According  to  Bechamp  the  active  organic  matter  of  the 
gastric  juice  in  the  glands  of  the  stomach  is  formed  of  isolated 
microzymas  (see  p.  145),  and  of  microzymas  still  united  as 
granular  nuclei  of  the  glandular  cells.  In  presence  of  hydro- 
chloric acid  this  matter,  which  is  a  special  modification  of  albu- 
minoid substance,  is  capable  of  dissolving  fibrin,  casein,  &c. 
Simultaneously  with  the  destruction  of  the  cells  an  organisation 
occurs,  and  new  cells  replace  those  that  disappear ;  and  as  the 
production  is  greater  than  the  consumption  the  gland  does  not 
dissolve. 

Hammarsten  also  describes  two  additional  ferments  as  present  in 
the  stomach,  which  are  concerned  in  the  precipitation  of  casein  from 
milk  and  in  the  conversion  of  milk  susrar  into  lactic  acid.     The 
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absence  of  these  ferments  in  certain  pathological  conditions  of  the 
stomach  would  explain  certain  anomalies  occasionally  observed  in  the 
digestion  of  milk. 

Digestive  Action. — 1.  It  acts  especially  on  albuminous 
bodies,  converting  them  into  peptones,  soluble  albumins  being 
first  coagulated.  The  amount  of  the  albumins  rendered  dialys- 
able  and  assimilable  in  the  stomach  varies  somewhat  with  the 
character  of  the  juice  and  the  duration  of  their  sojourn  in  the 
stomach ;  but  gastric  digestion  is  always  incomplete,  and  is 
only  terminated  in  the  intestine.  Between  albumin  and  the 
peptone  formed  there  are  certain  intermediate  products  to  which 
different  names  have  been  given,  although  probably  they  are 
identical  or  nearly  so,  such  as  albumose,  acid  albumin,  syntonin, 
parapeptone,  &c.  Considerable  difference  of  opinion  also  exists 
as  to  the  ultimate  transformation  of  the  albumin,  some  regard- 
ing it  as  becoming  completely  converted  into  peptone  (Brtjcke), 
and  others  considering  this  transformation  to  be  incomplete,  a 
variable  amount  of  unchanged  parapeptone  making  its  appear- 
ance at  the  same  time  (Meissner).  The  quantity  of  peptones 
present  in  the  stomach  appears  to  be  practically  the  same  at  all 
times  during  the  digestion,  indicating  that  after  the  formation 
of  a  definite  quantity  of  the  digestive  products  the  removal  of 
these  bodies  keeps  pace  with  their  digestion  (Schmidt  Mulheim ). 

2.  Chondrin  is  acted  on  slowly,  cartilages,  however,  furnish- 
ing some  sugar  as  a  part  of  their  digestion.  In  some  animals, 
as  dogs,  bones  are  capable  of  partial  or  complete  gastric  diges- 
tion. Gelatinous  bodies  quickly  swell  up  and  dissolve,  and  in 
this  change  Etzinger  thinks  that  the  pepsin  alone  combines. 
He  found  even  elastic  tissue  to  be  more  or  less  digestible. 

3.  Fats  are  chemically  unaltered,  except  in  so  far  that  the 
connective  tissue  or  proteid  framework  in  which  the  fat  cells  are 
embedded  is  loosened  and  more  or  less  dissolved,  and  partly 
also  the  walls  of  the  cells  themselves,  so  as  to  set  free  some  of 
the  fat ;  this  is  melted,  and  tends  to  run  into  drops,  and  to  be 
imperfectly  emulsionised.  If  fats  are  present  in  large  amount 
they  interfere  with  digestion. 

4.  The  conversion  of  starch  into  sugar  by  the  action  of  the 
swallowed  saliva  still  goes  on  (Schiff),  but  possibly  more  slowly 
than  in  the  mouth  ;  some  maintain,  however,  that  the  conversion 
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stops  in  the  stomach.  Zawilski  states  that  erythrodextrin  as 
well  as  achroodextrin  are  converted  into  sugar  by  the  action  of 
pepsin  alone  without  acids,  even  when  the  entry  of  saliva  is 
prevented. 

5.  Certain  salts  are  rendered  soluble,  carbonates  passing 
into  chlorides,  phosphates  to  acid  phosphates,  &c. 

6.  The  gastric  juice  prevents  certain  fermentations  and  de- 
compositions occurring  in  the  stomach,  this  being  probably  due 
to  the  presence  of  free  acid. 

7.  No  action  appears  to  occur  on  horny  tissue,  mucin,  nuclein, 
amyloid  substance,  wax,  cellulose,  saccharine  and  gummy  bodies, 
except  in  effecting  a  simple  solution  of  some  of  them. 

8.  The  product  of  gastric  digestion  is  named  chyme ;  it  is 
from  time  to  time  ejected  through  the  pylorus,  sometimes  being 
accompanied  by  some  of  the  undigested  foodj  but  this  does  not 
generally  begin  to  occur  until  one  or  two  hours  after  digestion 
has  begun.  But  it  would  be  impossible,  wdth  our  present 
knowledge,  to  say  exactly  how  long  food  remains  in  a  healthy 
stomach,  or  how  much  of  the  digested  materials  are  absorbed 
there.  As  we  have  seen  (in  1)  there  are,  however,  many  reasons 
for  believing  that  the  peptones  are  in  great  part  absorbed,  or  at 
least  leave  the  stomach  soon  after  they  are  formed,  and  the  future 
peptonisation  consequently  greatly  favoured.  The  chyme  con- 
tains some  peptone,  as  well  as  the  unabsorbed  products  of  the  un- 
completed digestion  of  the  albumin,  as  nitrogenous  matter  in  a 
dissolved  and  in  a  finely  divided  form  in  a  state  of  suspension ; 
there  may  be  present  also  other  bodies  that  have  undergone 
little  or  no  digestion,  such  as  epitheliums,  fats,  cellulose,  starch, 
&c.  Its  reaction  is  acid,  but  after  its  arrival  in  the  intestine 
and  its  admixture  there  with  the  bile  and  pancreatic  juice  the 
acidity  is  lessened,  until  in  the  jejunum  it  becomes  freely  alka- 
line, a  reaction  that  the  intestinal  contents  continue  to  present 
till  an  acid  fermentation  is  set  up  in  the  caecum.  But  if  ad- 
mixture with  the  bile  does  not  at  once  neutralise  the  acid  of 
chyme,  it  immediately  precipitates  the  pepsin  and  part  of  the 
peptones  contained  in  it. 

Theories  as  to  the  Nature  of  the  Digestive  Action  of  the  Gastric 
Juice. —  1.  That  it  acts  like  very  dilute  hydrochloric  acid,  the 
pepsin  merely  hastening  the  process.     2.  Schmidt  regards  the 
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pepsin  and  the  hydrochloric  acid  as  being  loosely  combined,  and 
believes  that  in  the  process  of  digestion  this  pepto-hydrochloric 
acid  unites  with  the  albuminous  bodies.  3.  Meissner  was  of 
opinion  that  in  the  digestion  of  proteids  two  bodies  are  formed — 
the  peptones,  readily  assimilable,  and  a  peculiar  parapeptone  that 
requires  subsequent  modification  before  being  absorbed.  Ham- 
MARSTEN,  on  the  other  hand,  states  that  pure  pepsin  transforms 
egg  albumin  entirely  into  peptones,  without  giving  a  trace  of 
parapeptone.  This  parapeptone  of  Meissner  corresponds  to  the 
antialbumate  which  Kuhne  asserts  makes  its  appearance  with 
an  imperfect  digesting  fluid.  Meissner  also  described  a  series 
of  peptones  differing  slightly  one  from  the  other,  which  he  said 
were  formed  in  the  process.  4.  That  the  acid  softens  and  swells 
the  proteid,  while  the  pepsin,  acting  as  a  ferment,  chymifies,  the 
process  most  probably  being  one  of  hydration,  possibly  even  origi- 
nating in  the  simple  splitting  up  of  the  larger  proteid  molecules. 
On  this  view  the  albumins  may  be  regarded  more  or  less  as  anhy- 
drides, and  the  peptones  as  hydrates.  It  does  not  appear  that  a 
simultaneous  action  of  the  acid  and  the  pepsin  is  necessary,  for  if 
finely  divided  fibrin  is  digested  for  some  time  with  a  dilute 
solution  of  pepsin,  then  washed  with  water,  and  digested  at  38° 
for  two  days  with  hydrochloric  acid  (0*4  per  cent.),  it  dissolves 
almost  completely.  The  liquid,  when  mixed  with  an  equal 
volume  of  alcohol  and  filtered,  yields  a  solution  of  peptone  not 
precipitated  by  nitric  acid.  The  pepsin  would  thus  appear  to 
combine,  in  an  insoluble  form,  with  certain  albuminoid  sub- 
stances, so  modifying  them  that  they  undergo  hydration  in  pure 
water  at  40°  with  the  formation  of  true  peptones  (Wurtz). 

According  to  Brucke  the  proteid  is  first  converted  into 
syntonin,  and  this  subsequently  into  peptone.  Kuhne  regards 
every  natural  proteid  as  consisting  of  a  combination  of  two 
residues  of  an  anti-gmw^  and  a  Aemi-group,  into  which  it  may 
be  split  by  the  action  of  gastric  or  pancreatic  juice;  that  these 
bodies  are  further  respectively  converted  into  an  antipeptone 
and  a  hemipeptone,  these  bodies  being  preceded,  however,  by 
the  formation  of  syntonin-like  substances,  anti-  and  hemi- 
albumose.  But  in  pancreatic  digestion  the  hemipeptones  may 
undergo  even  further  change  and  be  partly  converted  into  leucin 
and  tyrosin, 
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Peptic  Digestion. 

Albumin 
containing  a  hemi-  and  an  mi^z -residue 


Antialbumose  Hemialbiimose 

I  I 

Antipeptone  Hemipeptone 

(part  of  which  is  broken  down 
into  leucin  and  tyrosin  in  pan- 
creatic digestion). 

Kuhne^s  antialbuminate  (Meissner's  parapeptone)  is  a 
body  that  makes  its  appearance  when  dilute  hydrochloric  acid 
alone,  or  pepsin  in  an  imperfectly  active  condition  or  in  insuffi- 
cient quantity,  is  used  in  the  albumin  cligestion.  It  can  be 
changed  into  peptone  by  the  pancreatic,  but  not  by  the  gastric 
juice.  Antialhumid  (hemiprotein,  dyspeptone)  is  derived 
from  the  antialbumate  by  the  action  of  dilute  hydrochloric 
acid. 

Dilute  Hydrochloric  Acid  (^  per  cent.)  at  40°. 
Albumin 


Antialbumate  Hemialbumose 

I  I 

Antialhumid  Hemipeptone 

(which  is  further  broken  down 
into  leucin  and  tyrosin  by  the 
action  of  dilute  sulphuric  acid, 
3  to  5  per  cent.) 

The  action,  then,  of  the  gastric  as  well  as  of  the  pancreatic 
juice,  according  to  the  weight  of  evidence,  is  double  and  suc- 
cessive, the  albuminoid  bodies  being  first  converted  into  a  sub- 
stance variously  named,  and  corresponding  to  an  acid  albumin, 
albuminose,  or  syntonin,  and  then  into  peptone. 

Histological  Changes  in  the  Secreting  Cells  as  the  Result  of  their 
Activity. — This  very  interesting  subject  can  of  course  be  only  very 
generally  referred  to  here.  In  the  mucous  membrane  of  the  stomach 
is  a  closely  packed  series  of  tubular  glands.     These  are  of  two  kinds, 
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in  one  of  which  there  is  a  continuous  lining  of  epithelial  cells  around 
the  central  lumen,  and  which  may  accordingly  be  called  central  cells  ; 
and  in  the  other,  in' 'addition  to  these  central  cells,  some  large  ovoid 
or,  as  they  have  been  termed,  peptic  cells  are  also  present,  peripherally 
situated.  It  used  to  be  taught  that  the  former  variety  of  tubular 
glands,  which  are  in  greatest  numbers  towards  the  pylorus,  merely 
secreted  mucus,  or  assisted  in  the  absorption  of  the  digested  proteids; 
while  the  latter,  in  which  the  so-called  peptic  cells  are  present,  and 
which  are  most,  numerous  in  the  cardiac  end  of  the  stomach,  were 
described  as  secreting  the  gastric  juice,  the  central  cells  near  the 
mouths  of  the  tubes  furnishing  the  acid  and  the  large  peripheral 
ovoid  cells  the  pepsin.  It  would  now  appear  that  all  these  gastric 
glands  secrete  a  pepsigenous  juice,  the  central  cells,  however,  being 
the  pepsin-formers  and  the  large  ovoid  peripheral  cells  secreting  the 
free  acid  (Heidenhain). 

The  following  is  a  summary  of  some  of  the  chief  changes  that 
occur  in  these  secreting  cells  not  only  in  the  stomach  but  also  in  the 
pancreas : — 

[a)  Stomach. — The  central  cells  of  the  gastric  tubular  glands  are 
pale  and  finely  granular  in  a  state  of  rest,  and  do  not  stain  readily  in 
carmine,  &c.  When  these  cells  are  large  and  bright  they  contain 
much  pepsin  material,  but  comparatively  little  when  shrunk  and 
turbid.  In  a  state  of  activity  they  are  swollen,  turbid,  and  coarsely 
granular,  and  stain  readily ;  becoming  after  a  time  smaller,  but  more 
turbid  and  granular  than  at  first,  and  staining  more  deeply. 

The  ovoid  or  peptic  (?)  cells  are  also  swollen  during  digestion,  but 
appear  otherwise  unchanged.  They  are  stained  by  carmine,  and  only 
swell  up  in  hydrochloric  acid  (1  per  cent.)  at  40°,  not  being  digested 
by  it,  as  is  the  case  with  the  central  cells.  In  the  pancreas  the  granu- 
lar part  of  the  cell  does  not  stain  readily,  and  the  granules  that  ac- 
cumulate in  the  resting  condition  disappear  when  the  cell  is  active ; 
on  the  contrary,  in  the  central  cells  of  the  peptic  glands  the  granules 
increase  with  the  increased  activity  of  the  gland,  and  it  is  then  that 
the  deepest  staining  can  be  obtained. 

[h)  Pancreas. — The  secreting  cells  of  the  glandular  acini  have  the 
form  of  short  cylinders,  in  which  two  zones  are  generally  to  be  distin- 
guished, an  inner,  next  the  lumen,  which  has  a  granular,  cloudy 
appearance,  and  an  outer,  of  a  homogeneous  or  finely  striated  aspect, 
and  readily  stained  by  carmine,  the  nucleus  lying  more  or  less  inter- 
mediate. The  size  of  these  two  zones  varies  according  to  the  condition 
of  digestion,  for  after  a  state  of  activity  the  inner  granular  zone  be- 
comes narrow  and  sometimes  disappears,  appearing  tc»  furnish  material 
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for  the  secretion,  and  being  renewed  at  the  expense  of  the  outer  zone, 
which  in  turn  is  maintained  at  the  expense  of  the  blcod.  The  amount 
of  the  zymogen  rises  and  sinks  with  the  granular  inner  zone  (Heiden- 
hain).  In  a  state  of  hunger  this  zone  is  the  more  conspicuous,  the 
outer  homogeneous  zone  being  insignificant.  In  the  early  stage  of 
digestion,  some  hours  after  the  taking  of  food,  the  cells  undergo  a 
decrease  in  size,  owing  to  the  consumption  of  the  granular  zone,  the 
homogeneous  zone,  however,  showing  an  increase.  At  a  later  stage 
the  secretion  sinks,  and  the  granular  zone  becomes  built  up  anew  at 
the  expense  of  the  homogeneous  outer  zone,  and  this  latter  is  reduced 
to  a  minimum.  After  long  starvation  the  homogeneous  zone  is  the 
more  abundant,  the  inner  zone  being  much  reduced. 

Conditions  Affecting  the  Digestive  Phenomena. — The  action 
of  the  pepsin  on  the  albumin  is  dependent  on  the  temperature 
and  on  the  proportion  of  pepsin  and  of  free  acid,  present. 
The  most  suitable  temperature  seems  to  be  about  37°,  as  above 
50°  the  juice  begins  to  lose  its  digestive  properties  and  above 
60°  becomes  inert ;  at  0°  it  also  loses  its  activity,  but  it  re- 
covers it  again  on  being  heated.     It  is  probable  that  the  diges- 
tion of  fibrin  begins  quicker  and  continues  more  rapidly  the 
greater  the  proportion  of  pepsin  present.     A  proportion  of  0*8 
to  1  gram  hydrochloric  acid  per  litre  makes  a  fairly  digestive 
fluid ;  but  for  cooked  albumin  a  proportion  of  0*17  per  cent,  acts 
most  strongly,  although  Ebstein  and  Grukstek  found  0*2  per 
cent,  the  most  useful  strength.     Pepsin  seems  to  act  best  when 
the  acid  present  bears  a  definite  relation  to  the  albumin  mole- 
cule with  which  it  probably  enters  into  combination.     Accord- 
ingly the  process  of  conversion  uses  up  the  free  acid,  while  it 
does  not  appear  directly  to  involve  any  destruction  of  the  pep- 
sin.    A  very  small  quantity  of  pepsin  may  therefore  effect  the 
conversion  of  a  very  large  amount  of  albumin. 

In  some  experiments  of  Brucke's  upon  the  rapidity  of  di- 
gestion in  relation  to  the  amount  of  pepsin  and  acid  present, 
he  found  that  when  a  0*1  per  cent,  hydrochloric  acid  was  used  in 
the  digestion  of  fibrin  the  conversion  went  on  more  rapidly  with 
an  increased  proportion  of  pepsin  :  with  x  pepsin,  for  example, 
the  digestion  was  completed  in  forty-five  minutes,  with  2x  in 
twenty  minutes,  with  4:X  in  fifteen  minutes,  and  with  ^x  in  ten 
minutes.  An  increase  in  the  percentage  of  the  acid,  on  the 
other  hand,  rendered  the  digestion  much  slower,  about  one  hour 
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being  added  for  every  -^-^  per  cent,  of  acid  above  -^-^  per  cent.  But 
some  definite  reliction  ship  seems  to  exist  between  the  relative 
amounts  of  acid  and  pepsin  in  a  good  digestive  liquid,  for  we 
find  that  dilute  pepsin  solutions  act  best  with  dilute  acid  solu- 
tions, while  strong  pepsin  solutions  require  a  greater  proportion 
of  acid.  Fibrin  is  said  to  need  a  less  degree  of  acidity  for  its 
digestion  than  white  of  egg. 

The  quantity  of  water  present  also  affects  the  process,  much 
water  retarding  it.  An  accumulation  of  the  peptonised  albumin 
mechanically  hinders  its  continuance ;  the  presence  of  bile  also 
interferes ;  and  so  likewise  is  the  case  with  acetate  of  lead  and 
mercmic  chloride,  except  in  very  moderate  quantity,  concen- 
trated solutions  of  sodic  chloride  and  of  the  alkalies,  dilute  so- 
lutions of  phenol,  and  alcohol  in  excess — they  all  interfere  more 
or  less  with  the  digestive  process  in  the  stomach,  chiefly  by 
precipitating  the  pepsin  or  the  peptones,  or  by  causing  a 
copious  alkaline  exudation.  Beer  does  not  appear  to  act  detri- 
mentally (Bucheim)  ;  and  spices,  such  as  ginger,  pepper,  and 
cinnamon,  appear  to  encourage  the  secretion  of  the  juice. 

The  'properties  of  the  peptones  have  already  been  given 
(p.  121),  also  their  modes  of  preparation  (pp.  120,  164). 

To  purify  them^  neutralise  the  acid  liquor  containing  them  with 
baric  or  calcic  carbonate ;  then  boil,  concentrate  over  a  water  bath, 
and  filter.  To  purify  still  further  recourse  may  be  had  to  dialysing 
the  solution,  but  the  process  is  very  slow ;  instead  we  may  separate 
excess  of  baryta  by  the  careful  addition  of  sulphuric  acid  and  subse- 
quent filtration ;  or  if  lime  has  to  be  separated,  first  concentrate  by 
evaporation  and  then  precipitate  with  alcohol ;  a  little  Hme,  howevei', 
remains  combined  with  the  peptone. 

The  secretion  of  the  gastric  juice  is  essentially  intermittent, 
and  is  excited  by  different  stimuli.  Different  bodies  introduced 
into  the  stomach  cause  the  mucous  membrane  to  become  red 
and  swell  up,  and  subsequently  to  pour  out  its  secretion  ;  the 
character  of  the  stimuli  is  said  to  affect  the  character  of  the  se- 
cretion, that  excited  by  mechanical  or  chemical  excitation  being 
less  rich  in  digestive  principles  (pepsin,  &c.)  than  that  secreted 
under  the  influence  of  the  food ;  the  degree  of  acidity  probably 
also  varying  with  the  nature  of  the  physiological  stimulus. 
This  secretion  is  probably  the  result  of  a  direct  irritation  of  a 
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local  ganglionic  centre  that  is  in  connection  with  the  central 
nervous  system.  Afferent  impulses  likewise  pass  up  the  vagus, 
and  by  inhibiting  the  vasomotor  centre  in  the  medulla  bring 
about  the  dilatation  of  the  vessels  of  the  stomach,  section  of 
the  vagi  leading  to  a  temporary  anaemia  of  the  mucous  mem- 
brane (Eutherford). 

Pepsin  is  possibly  formed  more  or  less  continuously  in  the 
glands,  although  it  is  not  probably  contained  there  in  a  free 
state,  but  rather  as  an  albuminate  combination  that  is  easily 
split  up  and  rendered  active  by  hydrochloric  acid  or  a  chloride. 
The  hydrochloric  acid  appears  to  be  formed  only  as  the 
result  of  reflex  or  direct  stimuli ;  but  while  in  the  fundus 
free  acid  is  present,  being  secreted  there,  this  does  not  seem 
to  be  the  case  in  the  pyloric  end.  A  mucous  membrane  rich 
in  pepsin  also  contains  much  sodic  chloride  (0*6  to  1*5  per 
cent.)  In  the  formation  of  free  hydrochloric  acid  a  dissocia- 
tion process  probably  precedes  in  the  chloride,  2Na2HP04  4- 
SCaCl  =  Ca32P04  +  4NaCl  +  2HC1  (Maly).  Thudichum  assumes 
that  sodic  chloride  and  lactate  are  split  up  in  the  walls  of  the 
stomach  into  free  acid  and  caustic  soda,  NaCl  +  HgO  =  NaHO 
-f  HCl.  This  caustic  soda,  according  to  Thudichum,  assists  in 
protecting  the  mucous  membrane  of  the  stomach  against  the 
action  of  the  gastric  juice,  and  becoming  converted  into  carbon- 
ate enters  the  blood  and  is  carried  to  the  liver ;  but  the  conti- 
nuous circulation  of  alkaline  blood  through  the  mucous  membrane 
of  the  stomach  is  no  doubt  one  of  the  reasons  why  it  is  not  di- 
gested (Pavy)  ;  the  question,  notwithstanding,  cannot  yet  be 
regarded  as  solved. 

The  pepsin  is  poured  out  abundantly  on  the  taking  of  food, 
then  falls  in  amount  for  the  next  hour  or  two,  and  rises  again 
about  the  fourth  or  fifth  hour  (GRiJTZNER).  Its  secretion 
appears  to  be  favoured  by  the  previous  ingestion  of  dextrin  and 
certain  other  pepsigenous  materials  (Schiff). 

Pathology. — The  amount  of  pepsin,  as  well  as  of  the  whole  juice, 
appears  to  be  much  reduced  in  fevers  and  acute  anaemia;  in  some  of 
these  cases,  as  well  as  occasionally  in  catarrh  of  the  stomach,  pepsin 
and  hydrochloric  acid  may  be  both  absent ;  but  we  may  find  instead 
butyric  or  lactic  acids  in  greater  or  less  quantity. 

Sarcinse,  bacteria,  and  different  fermentation  products  may  at 
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times  present  themselves;  also  mucus  in  excess,  and  bile,  and  in 
hcemateinesis  blood,  which  last  may  be  vomited  up  unaltered,  or,  if  it 
has  lain  some  time  in  the  stomach,  in  the  form  of  dark  coffee  grounds. 
The  vomit  may  be  alkaline  and  contain  albumin,  epithelium,  and 
mucus,  as  in  cholera;  or  urea,  carbonate  of  ammonia,  <fec.,  as  in 
uraemia,  &c. 

Digestion  is  interfered  v^ith  by  the  presence  of  bile  or  mucus, 
much  free  acid  or  alkali,  much  metallic  salt,  chlorides,  sulphates,  or 
nitrates,  anhydrous  salts  hindering  fermentation  more  than  hydrous 
salts  ;  the  alkaloids  also,  except  quinine,  retard  the  process. 

As  to  gases  in  the  stomachy  normally  little  or  none  is  present  with 
the  exception  of  the  air  that  has  been  swallowed  with  the  food  or  of 
a  little  that  has  diffused  from  the  blood ;  for  the  gases  resulting  from 
fermentation  will  not  be  met  with  unless  some  abnormal  condition  is 
set  up,  although  it  is  possible  for  some  of  the  gas  occasionally  found 
in  the  stomach  to  come  up  from  the  duodenum. 

Planer  found  gases  having  this  composition  : — 

002= 20  to  33  percent. 
H    =  7  „  27        „ 

N     =38  „  72        „ 
0     =  0-4      „ 

and  HoFMANN  and  Ewald  : — 

CO2  =  1'7  to  28  per  cent. 
H     =20      „  32 
CH4=  0-2  „  10 
0      =  6      „  11         „ 
C2H4  and  N,  traces. 

Owing  to  the  diminution  in  the  hydrochloric  acid  in  fevers,  and 
to  the  tendency  of  the  mucous  membrane  of  the  stomach  to  become 
catarrhal,  decomposition  processes  are  favoured,  and  the  digestion 
greatly  interfered  with.  In  some  of  these  cases  the  pepsin  does  not 
appear  to  be  wanting,  rather  the  acid  to  set  it  free  and  render  it  active. 
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CHAPTER   VIII. 
PANCREATIC  JUICE. 

This  is  a  clear,  odourless,  and  very  alkaline  liquid  (  =  0-3  per 
cent.  NagCOg),  having  a  salt  taste  and  a  sp.  gravity  of  1008 
to  1010;  it  is  ropy  and  viscid  when  first  collected,  but  later 
it  becomes  thinner.  It  decomposes  readily.  When  heated  to 
75°  a  slight  coagulum  appears,  which  likewise  occurs  on  the 
addition  of  alcohol,  mineral  acids,  tannic  acid,  metallic  salts, 
magnesic  sulphate,  and  chlorine  water. 

Quantity. — From  researches  on  dogs  the  amount  secreted  in 
the  twenty-four  hours  has  been  estimated  at  150  grams  (5^  oz.) 
(Bidder  and  Schmidt),  or  140*7  grams  (Ludwig  and  Weinmann)  ; 
hut  it  is  more  probable  that  it  amounts  on  an  average  to  10 
to  11  oz. 

The  Secretion. — Immediately  after  food  is  taken  its  secretion 
begins,  reaching  its  maximum  two  hours  later ;  then  occurs  a 
fall,  succeeded  by  a  secondary  rise  some  five  or  six  hours  after- 
wards, and  a  sinking  again  to  zero  in  sixteen  to  eighteen  hours, 
but  rising  again  rapidly  with  fresh  ingestion  of  food  (Bernstein). 
The  secretion  appears  to  be  most  active  five  to  seven  hours  after 
a  meal. 

Nausea  or  vomiting  and  section  of  the  vagus  stop  its  secre- 
tion temporarily ;  and  it  is  increased  by  stimulation  of  the  me- 
dulla oblongata,  or  by  centripetal  stimulation  of  the  vagus. 

Its  cliemical  constituents  are  water,  albumin,  mucin,  fats, 
ferments,  and  salts,  the  last  consisting  chiefly  of  sodic  and  po- 
taSsic  chlorides,  calcic  phosphate,  sodic  carbonate,  and  traces  of 
ferric  phosphate.  Fresh  juice  contains  bodies  similar  to  salivary 
corpuscles,  and  only  traces  of  leucin,  neither  peptones  nor  tyrosin 
being  present  (KiJHNE).  After  the  juice  has  stood  some  time 
tyrosin,  fats,  and  a  small  amount  of  soaps  may  also  make  their 
appearance,  the  leucin  and  tyrosin  being  due  probably  to  an 
intrinsic  digestion  of  the  albumin  of  the  juice  itself.  A  com- 
paratively large  amount  of  soda  is  present,  peculiarly  associated 
with  the  albumin,  and  probably  in  the  form  of  carbonate,  to 
which  the  alkaline  reaction  of  the  juice  is  due. 
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Analysis  of  Panc7'eatic  Juice — Doff  (C.  Schmidt). 

From  a  permaueut      ^^'^^  '^  ^'^'^'^% 
fistula  oi^euecUjancreatic 

Water 9808  9007 

Solids 1-92  9-93 

Organic  substances,  as  albumin,  alkali  albumin  1-26  9*04: 

Inorganic  salts 0-66  0-89 

Soda  combined  with  albumin,  and  traces  of 

lime  and  magnesia  similarly  combined   .  0-33  0'09 

Sodium  chloride 0'24  0-73 

Potassium    , 0-08  0-02 

Phosphates  o^  lime,  magnesia,  and  soda       .  0-01  O'Co 

The  normal  pancreatic  juice  contains,  according  to  Bernard,  from 
eight  to  ten  per  cent,  of  solids,  of  which  about  one  per  cent,  consists 
of  inorganic  salts  and  the  rest  of  organic  matters  :  this  corresponds 
with  Schmidt's  analysis  of  a  normal  juice  obtained  from  a  recent 
fistula.  The  juice  coming  away  from  a  permanent  fistula  soon  alters 
in  character,  and  accordingly  is  not  a  correct  representative  of  the 
normal  secretion,  being  much  thinner,  and  containing  much  carbonic 
acid,  and  only  about  one  to  two  per  cent,  of  solids;  guanine  (C5H5N5O) 
has  also  been  found  in  it.  But  Beknstein  only  obtained  an  average 
of  3-3  per  cent,  solids  in  an  apparently  perfectly  normal  juice,  of  which 
0*8  per  cent,  was  inorganic  matter.  The  above  estimates,  it  should 
be  said,  apply  chiefly  to  the  secretion  in  dogs. 

The  pancreatic  peptones  are  precipitated  by  acids  and  acid 
salts,  except  the  acid  phosphate  of  soda,  and  the  filtered  liquor 
is  precipitated  by  tannic  acid  and  acetate  of  lead  (Diakonow), 
thus  differing  from  gastric  peptones. 

Ferments. — 1.  A  diastatic  ferment,  isolated  by  Cohnheim 
and  WiTTiCH,  and  probably  identical  in  many  respects  with 
ptyalin  ;  it  rapidly  changes  starches  into  sugars. 

2.  A  peptone-forming  ferment,  pancreatin  or  trypsin. 
After  long  fasting  this  ferment  is  absent  (Hertzen). 

3.  A  ferment  which  splits  fats  by  hydration  into  fatty  acids 
and  glycerin.    It  has  not  yet  been  isolated. 

Zymogen. — According  to  Heidenhain  there  is  no  preformed 
free  ferment  in  the  pancreas,  but  there  is  present  in  the  gland  a 
body  he  names  zymogen,  which  builds  up  one  or  more  of  these 
ferments.  From  this  zymogen,  naturally  after  each  act  of 
stomach  digestion,  and  artificially  by  treatment  with  acids,  the 
ferments  are  obtained  for  the  digestion  of  albumins,  and  probably 
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also  for  that  of  the  starches  and  fats.  These  ferments  are  active 
in  alkaline  and  neutral  fluids ;  a  temperature  above  50°,  as 
also  the  addition  of  alcohol  in  excess,  destroys  or  hinders  their 
activity,  although  dry  trypsin  may  be  heated  up  to  110°  without 
losing  its  ferment  power.  Pepsin  also  appears  to  act  deleteriously, 
rendering  trypsin  inactive,  but  this  is  not  apparently  the  case 
with  the  zymogen. 

The  varied  action,  then,  of  the  pancreatic  secretion  depends 
on  the  presence  of  these  three  ferments.  They  are  collectively 
more  soluble  in  solutions  of  sodic  chloride,  alkaline  sulphates, 
and  potassic  chlorate  than  in  water.  The  albumin  ferment  is 
soluble  in  sodic  hypo-sulphite,  potassic  arsenite,  and  tartaric 
acid ;  the  diastatic  ferment  specially  soluble  in  potassic  arse- 
niate  and  tartaric  acid ;  and  the  fat  ferment  in  a  mixture  of  bi- 
carbonate of  soda  with  one-fourth  its  volume  of  caustic  soda  so- 
lution, or  in  antimoniate  of  potash.  By  means  of  these  solvents 
a  separation  may  be  effected  of  the  different  ferments,  dialysing 
at  the  same  time  through  porous  earthenware  under  reduced 
pressure  (Paschutin). 

The  zymogen  is  soluble  in  water,  where  it  is  readily  split  up, 
after  exposure  for  some  time  to  the  air,  into  trypsin,  &c.,  but  little 
or  none  of  the  ferments  is  dissolved  out  of  the  gland  substance 
by  glycerin,  unless  the  zymogen  has  been  previously  decom- 
posed by  the  action  of  dilute  acids  or  otherwise.  The  decom- 
position of  the  watery  solution  occurs  more  readily  at  an  elevated 
temperature  and  under  the  action  of  acids,  and  it  is  more  or 
less  hindered  by  the  presence  of  soda  or  its  carbonate  ;  but  the 
ferment,  when  once  formed,  is  more  active  in  presence  of  soda 
or  sodic  chloride  than  in  a  simple  watery  solution. 

The  amount  of  zymogen  in  the  gland  depends  on  the  con- 
dition of  the  digestion,  being  most  abundant  fourteen  to  twenty- 
four  hours  after  food,  although  the  juice  richest  in  the  albumin 
ferment  is  generally  secreted  six  to  nine  hours  after  a  meal ;  and  it 
is  probable  that  a  constant  formation  of  zymogen  is  going  on  in 
the  secreting  cells,  and  that  at  intervals,  under  the  influence  of 
certain  stimuli,  this  zymogen  is  converted  into  the  pancreatic 
ferments,  which,  as  we  have  seen,  are  the  products  of  the  secre- 
tion of  the  inner  zone  of  the  secreting  cells  of  the  pancreas . 

The  separation  of  the  jpancreatin  from  the  fresh  gland  can 
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readily  be  effected  by  rubbing  up  the  gland  with  1  per  cent, 
acetic  acid,  in  the  proportion  of  1  gram  gland  substance  to  1  c.c. 
acetic  acid,  and  then  digesting  for  several  days  with  glycerin. 
A  watery  solution  acts  very  slowly,  but  the  presence  of  sodic 
chloride,  or  better  still  of  soda,  quickens  its  action.  The  more 
ferment  is  present  the  less  soda  is  necessary  ;  but  with  a  mo- 
derate amount  of  ferment  a  percentage  of  0*9  to  1*2  of  soda  is 
most  favourable.  With  6  per  cent,  soda  the  action  is  much 
hindered.  It  acts  properly  only  in  neutral  or  weakly  alkaline 
fluids,  and  without  any  previous  swelling  up  of  the  fibrin  or  coa- 
gulation of  the  albumin  immersed  in  it,  such  as  occurs  in 
gastric  digestion. 

The  diastatic  ferment,  while  apparently  identical  with  the 
ptyalin  of  saliva,  appears  to  be  more  active  in  its  properties. 

The  fat  ferment  has  not  yet  been  isolated,  but  an  activ^e 
extract  can  be  obtained  by  rubbing  up  some  quite  fresh  pancreas 
with  a  mixture  of  glycerin  (nine  parts)  and  soda  solution  (1 
per  cent,  one  part)  together  with  some  clean  sand,  and  allowing 
the  whole  to  digest  for  four  days.  Acids  destroy  the  action  of 
this  ferment. 

As  to  the  activity  of  these  ferments,  it  would  appear  that 
their  action  within  certain  limits  is  in  inverse  proportion,  a 
double  quantity  doing  a  given  amount  of  work  in  half  the  time ; 
further,  that  they  liberate  their  energy  at  a  progressively  re- 
tarded rate  (W.  Egberts). 

It  follows  therefore  from  the  above  that  the  digestive  actions 
of  paoicreatic  juice  may  be  classified  under  these  heads  ; — 

1.  It  changes  starches  rapidly  into  grape  sugar,  acting 
more  powerfully  than  saliva ;  the  transformation  is  very  rapid 
at  35°,  and  the  presence  of  bile  or  gastric  juice  does  not  retard 
its  action.  One  gram  of  the  juice  of  a  dog,  containing  only 
0*014  gram  of  organic  solids,  converted  4*672  grams  of  starch 
into  sugar  and  dextrin  in  half  an  hour  at  35°  (Kroger).  Not 
till  the  second  month  after  bhth  is  the  infant's  pancreatic  juice 
able  to  digest  starch,  but  at  the  age  of  a  year  its  power  in  tliis 
respect  is  equal  to  that  of  the  adult. 

2.  It  dissolves  coagulated  albumins,  acting  best  at  35°  to  40°, 
changing  them  into  peptones,  appearing  to  act  specially  on 
muscle  fibre  and  fibrin  ;  but  its  general  action  on  albuminoids 
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is  nearly  ten  times  more  energetic  than  that  of  gastric  juice. 
Gelatins  are  also  converted  into  peptones,  and  with  prolonged 
digestion  leucin  and  much  glycocin  may  appear.  By  the  action 
of  alkaline  solutions  of  pancreatin  on  albumins  Danilewsky  in 
some  recent  researches  obtained  several  intermediate  bodies, 
but  the  final  product  was  always  peptone.  An  albumin  is 
first  produced  insoluble  in  water  and  warm  alcohol,  of  weak 
acid  reaction,  and  containing  sulphur  together  with  lime 
and  phosphorus.  The  bodies  next  formed  are  more  soluble  in 
water  and  warm  alcohol,  more  strongly  acid,  and  free  from  lime 
and  phosphorus.  Finally  come  the  peptones,  which  combine 
with  bases  and  acids  and  yield  no  sulphides  with  alkalies. 

The  undigested  proteids  issuing  from  the  stomach  are  to  be 
digested  entirely  or  in  great  part  by  the  pancreatic  juice,  and 
the  presence  of  bile  favours  rather  than  hinders  the  process ; 
but  to  what  stage  the  digestion  is  carried,  and  whether  much 
of  the  peptones  formed  is  broken  down  into  leucin  and  tyrosin, 
&c.,  is  unknown.  Further  and  later  decomposition  products 
of  these  peptones  may  appear,  such  as  aspartic  and  glutamic 
acids,  and  even  xanthin  and  hypoxanthin  (Radziejewsky, 
Salomon). 

From  ^prolonged  action  of  this  juice  outside  the  body,  but 
more  probably  also  as  a  result  of  decompositions  occurring 
(Kuhne),  certain  other  products  may  show  themselves,  such  as 
indol,  skatol,  phenol,  phenyl-sulphuric,  phenyl-acetic,  and 
phenyl-propionic  acids. 

3.  It  contributes  very  largely  to  the  digestion  of  fats  ^  emul- 
sifying and  also  saponifying  them  to  a  slight  extent — the  latter 
possibly,  however,  only  so  far  as  to  facilitate  the  emulsifying  of 
neutral  fats.  The  emulsifying  property  is  not  entirely  due  to 
the  alkalinity  of  the  juice  (Bernard),  but  is  probably  in  great 
measure  dependent  on  the  alkali  albumin  present. 

In  exjperiments  ivith  pancreatic  juice  great  care  should  be 
taken  that  it  is  prepared  from  a  fresh  and  unaltered  gland ; 
otherwise  imperfect  results  will  be  obtained.  As  an  example 
how  readily  the  character  of  the  secretion  is  altered,  it  is 
stated  that  the  removal  of  the  spleen  deprives  the  pancreas  of 
peptone-forming  power  (Schiff).  It  is  very  difficult  also  to 
avoid  decompositions  occurring  in  experimenting  with  pan  ere- 
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atic  extracts,  bacteria  soon  making  their  appearance  unless  such 
a  body  as  salicylic -^cid  is  added. 

Difference  hetiveen  Peptic  and  Tryptic  Digestion. — Pancre- 
atic digestion,  it  should  be  noted,  includes  the  action  of  the 
three  ferments,  tryptic  being  applied  solely  to  the  albuminoid 
conversions  and  changes. 

1.  Peptic  digestion  only  occurs  in  an  acid  medium;  in 
pancreatic  the -reaction  is  alkaline,  and  some  alkali  must  be 
present  for  it  to  take  place  :  the  acidity  of  the  gastric  juice,  re- 
presented by  0*2  per  cent,  hydrochloric  acid,  is  in  the  pancrea- 
tic juice  replaced  by  an  alkalinity  corresponding  nearly  to  1  per 
cent,  sodic  carbonate. 

2.  In  tryptic  digestion  a  globulin  body  resembling  alkali 
instead  of  acid  albumin  is  formed  previous  to  the  peptone 
stage. 

3.  A  considerable  amount  of  proteid  in  tryptic  digestion  is 
broken  down  beyond  the  peptone  stage  into  leucin  and  tyrosin, 
the  antipeptone  residue,  however,  which  forms  about  half  the 
weight,  resisting  this  decomposition. 

4.  While  fibrin  is  readily  acted  on  by  both  juices,  boiled 
albumin  and  syntonin  are  more  easily  converted  by  the  gastric 
than  by  the  pancreatic  secretion. 

5.  In  the  case  of  fibrin,  with  tryptic  digestion,  no  previous 
swelling  up  occurs,  as  in  gastric  digestion,  and  it  remains  opaque, 
appearing  to  be  corroded  rather  than  dissolved.  Indeed,  in 
alkaline  tryptic  digestion  albuminous  bodies  generally  undergo 
no  previous  swelling  up  or  coagulation,  as  is  the  case  with 
peptic  digestion. 

6.  Pancreatic  juice  does  not  appear  to  have  any  direct  solv- 
ent action  on  the  gelatiniferous  elements  of  the  tissues,  unless 
these  have  previously  been  boiled  or  treated  with  acids. 

7.  Trypsin  dissolves  mucin,  which  is  unacted  on  by 
pepsin. 

8.  Decomposition  sets  in  readily  during  pancreatic,  but  very 
slowly  during  gastric  digestion. 

9.  In  gastric  digestion  therotatorypower  of  the  transformed 
matter  is  but  little  lessened,  remains  unchanged,  or  is  increased, 
whilst  in  pancreatic  digestion  it  is  always  enormously  lowered 
(Bechamp). 
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Pathology. — In  certain  diseases  of  the  pancreas,  such  as  chronic 
inflammation,  degeneration,  and  cancer,  a  great  excess  of  fatty  matters 
appears  in  the  evacuations. 

PancreMic  calculi  are  occasionally,  but  rarely,  met  with  ;  they  are 
like  salivary  calculi,  and  consist  chiefly  of  phosphate  of  lime  (60  to  80 
per  cent.),  a  little  carbonate  of  lime  (10  to  20  per  cent.),  and  animal 
matter  (7  to  16  per  cent.) 


CHAPTER   IX. 

INTESTINAL  JUICE. 

This  juice  is  a  clear,  opalescent,  greenish  yellow,  and  strongly 
alkaline  viscid  secretion,  having  a  sp.  gravity  of  1011  (Tpiiry), 
and  containing  about  2*27  to  2*4  per  cent,  of  solids,  of  which 
more  than  one-third  consists  of  inorganic  salts,  one-third 
albumin,  and  less  than  one- third  of  the  other  organic  bodies. 
It  effervesces  with  acids,  yields  no  mucin,  and  is  coagulated  by 
alkaline  chlorides  and  sulphates  in  excess. 

It  appears  only  to  be  periodically  secreted,  and  is  a  mixture 
of  the  secretions  of  Brunner's  glands  and  Lieberkiihn's  crypts. 
Comparatively  little  is  known  as  to  its  exact  composition  and 
properties,  some  even  regarding  the  fluid  obtained  by  Thiry's 
process  as  more  or  less  of  a  transudation. 

Quantity. — From  the  amount  secreted  by  a  small  piece  of 
the  intestine  of  a  dog,  Thirv  calculated  that  the  whole  small 
ii\testine  secreted,  from  the  second  to  the  fifth  hour  after  a 
meal,  360  grams  (12|  oz.)  of  intestinal  juice.  Bidder  and 
Schmidt's  estimate  was  300  c.c,  or  10|  oz. 

Dog  (TiiiiiY)  Horse  (COLIW; 

Water       • 97-58  9810 

Solids 2-41  1-80 


Albumins 0-80 

Other  organic  constituents         .  0'7.3 

Inorganic  salts  ....  0-88  — 

Carbonate  of  soda       .         .         .  032  145 


}o-45 


A   paralytic   secretion   has  been  obtained  which  is  clear, 
yellowish,  strongly  alkaline,  sp.  gravity  1008,  poorer  in    solids 
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than  the  normal  juice,  and  containing  only  about  a  quarter  as 
much  organic,  but  nearly  the  same  amount  of  inorganic  con- 
stituents; it  also  contains  about  0-016  per  cent.  urea. 

Actions. — It  is  probable  that  some  of  the  diversity  of  opinion 
as  to  the  action  of  this  juice  is  due  to  a  difference  in  the  cha- 
racter of  the  secretion  in  different  animals.  Thus  the  intestinal 
juice  of  dogs,  pigs,  and  rabbits  converts  cane  into  grape  sugar, 
but  this  is  not  so  with  the  juice  of  ruminants,  &c. 

1.  It  probably  contains  a  diastatic  ferment,  soluble  in  sodic 
nitrate  and  potassic  and  sodic  bicarbonate,  capable  of  readily 
converting  starch  into  sugar  ("Colin,  Schiff),  although  this  is 
denied  by  Thiry.  But  a  glycerin  extract  of  the  whole  mucous 
membrane  of  the  small  intestine  undoubtedly  contains  a  dias- 
tatic ferment  capable  of  converting  starch  into  sugar. 

2.  It  contains  a  ferment  soluble  in  potassic  chlorate,  which 
converts  cane  into  grape  sugar,  transforming  some  of  the  latter 
into  lactic  and  butyric  acids  (Frerichs ) ;  but  a  little  of  the 
cane  sugar  remains  unchanged  (Hoppe  Seyler). 

3.  Its  action  on  fats  is  doubtful,  probably  negative  (Thiry). 
It  may,  however,  exert  a  slight  emulsifying  action  (Schiff). 

4.  It  appears  that  fibrin  is  rapidly  dissolved  by  it  (Thiry, 
Kuhne),  and  probably  also  a  little  casein  and  albumin  (Schiff). 
The  fibrin  does  not  swell  up,  but  crumbles  to  pieces.  Ac- 
companying this  peptonisation,  if  not  the  cause  of  it,  there 
seems  to  be  a  certain  amount  of  decomposition  of  the  proteid. 

5.  Cellulose,  gums,  &c.,  are  not  necessarily  modified. 
Further,  in  the  intestinal  digestion  certain  ferments  play  a 

part  by  producing  diastases  that  superimpose  their  own  diges- 
tive actions  on  those  set  up  by  the  organic  diastases.  Neither 
the  diastases  of  the  ferments  nor  those  of  the  organism  ever 
cause  a  disengagement  of  gas,  and  the  carbonic  anhydride  and 
hydrogenated  gases  formed  in  the  intestine  must  be  attributed 
to  the  microbes  living  therein  (DuCLAUX). 

As  to  the  secretion  of  Br  tinner's  glands  we  know  little,  but 
it  is  stated  that  an  extract  of  the  gland  digests  fibrin  in  an 
acid  solution  (GtRutzner)  ;  Costa  states  that  these  glands  yield 
mucin,  and  Kabuteau  and  Leven  that  its  reaction  is  acid. 
Brunner's  glands  are  related  structurally  to  the  pyloric  glands 
of    the   stomach,   and   as    the    latter   possess   a   j)eptogenous 

o2 
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power  (Heidenhain),  possibly  they  are  likewise  related  in  fanc- 
tion. 

The  surface  cells  also  of  the  duodenum  near  the  pylorus  are 
said  to  contain  pepsin. 

Budge  and  Krolow  found  that  a  watery  extract  of 
Brunner's  glands  converted  starch  into  dextrin  and  sugar,  and 
fibrin  into  peptone. 

Iodides,  bromides,  sulphocyanides,  and  lithia  salts  absorbed 
in  the  stomach  appear  again  in  the  small  intestine  (Quincke). 

The  secretion  obtained  from  the  large  intestine  is  mucous, 
viscid,  alkaline,  and  contains  very  little  albumin  ;  it  is  said  to 
possess  the  power  of  converting  starch  into  sugar,  but  it 
apparently  exercises  no  solvent  action  on  albumins  or  fats. 


CHAPTER   X. 

THE  BILE. 

Physical  Properties. — When  the  bile  flows  from  the  liver  it 
is  clear  and  syrupy,  of  a  golden  brownish  yellow  colour  (greenish 
in  herbivora),  having  a  sweetish  bitter  taste,  a  sj^ecific  gravity  of 
1009  to  1020,  and  a  neutral  or  weakly  alkaline  reaction  (but 
slightly  acid  in  the  carnivora).  After  having  lain  some  time 
in  the  gall  bladder  the  bile  becomes  concentrated,  has  a  sour 
smell,  is  darker  in  colour,  charged  with  mucus,  and  may  con- 
tain particles  of  fat  and  calcic  phosphate. 

Absorption  Spectrum. — Perfectly  fresh  normal  bile  gives  no 
absorption  bands,  although  ox  gall,  even  w^hen  fresh,  is  said  to 
give  a  band  between  D  and  e  ;  but  when  the  bile  has  altered, 
as  by  standing  for  some  time,  or  when  an  alcoholic  extract  is 
used,  it  becomes  dichroic,  green  in  thin  and  red  in  thick  layers, 
also  altering  in  colour  through  green  and  blue  to  a  reddish 
tint,  and  shows  four  absorption  bands — one  in  front  of  c,  one 
on  each  side  of  D,  and  one  before  e,  only  the  middle  two  being 
dark  and  sharply  defined. 

Amount. — Very  various  estimates  have  been  given,  but  the 
average  may  be  taken  as  1,000  to  1,700  grams  (2*2  to  3*7  lbs.) 
in  the  twenty-four  hours.    Nasse  estimated  it  at  45  to  47  oz.  for 
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a  man  of  142  lbs.  weight,  Eanke  at  23  oz.  for  a  man  of  104 
lbs.,  and  Wittich  obtained  nearly  the  same  result  in  a  woman 
with  a  biliary  fistula,  the  bile  of  the  twenty-four  hours  contain- 
ing about  -2-  oz.  of  solids  and  averaging  about  2*2  per  cent,  of 
the  body  weight. 

Secretion. — The  liver  receives  a  large  amount  of  blood, 
which  is  especially  abundant  during  digestion,  although  it  is 
comparatively  poor  in  oxygen,  yet  rich  in  materials  absorbed 
from  the  alimentary  canal. 

The  secretion  of  bile  is  continuous,  but  it  becomes  more 
active  two  hours  or  so  after  a  meal,  and  this  activity  continues 
to  increase  for  the  following  five  to  seven  hours,  but  then 
diminishes  rapidly.  According  to  Beenard  the  maximum 
period  is  seven  hours  after,  but  authorities  differ.  The  pres- 
sure under  which  it  is  secreted  is  very  low,  and  accordingly  its 
flow  is  easily  obstructed.  But  although  secreted  continuously 
with  varying  rapidity  it  is  only  discharged  into  the  intestine  at 
intervals  as  required,  an  accumulation  occurring  in  the  gall 
bladder. 

The  passage  of  the  acid  chyme  from  the  stomach  over  the 
orifice  of  the  bile  duct  acts  as  a  reflex  stimulus  to  the  contrac- 
tion of  the  gall  bladder,  and  to  a  consequent  outpouring  of 
the  bile. 

Chemical  Composition.— The  three  important  constituents  of 
the  bile  are  the  biliary  acids,  the  biliary  pigments,  and  the 
cholesterin,  but  the  two  former  are  the  most  characteristic.  In 
addition  we  find  lecithin,  cholin,  fats,  soaps,  a  diastatic  ferment 
in  small  amount,  and  different  salts. 

Human  Bile  (Frerichs,  Gorup  Besa^nez,  &c.) 

Per  cent. 

Water 8G  to  90 

Solids H  „  10 

Biliary  acids  and  salts 5-6  „  10 

Fats 0-3  „  1-7     • 

Cholesterin 0-4  „  1-0 

Mucus  and  pigments 1'4  „  2-9 

Mineral  salts 0-6  „  1-0 

Solids  in  Hitman  Bile. — The  amount  of  solids  in  the  bile 
obtained  from  dead  bodies  is  much  greater  than  that  contained 
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in  bile  flowing  away  from  a  fistAila ;  in  the  latter  the  solids 
form  only  1*2  to  2*3  per  cent.,  while  in  the  former  they  are  as 
high  as  10  to  14  per  cent.  It  is  very  probable,  however,  that 
this  is  nearer  the  normal  condition  than  is  the  case  with  the 
fluid  discharged  by  an  open  fistula. 


In  post-mortem  bile  Hoppe  Seyler  obtained — 


Per  cent. 

3-03 

0-87 

0-05) 

1-31) 


Glycocholate  of  soda 
Taurocholate       „ 

(containing  sulphur) . 
Soaps      .... 

Mucin 1-29 

Lecithin 053 

Cholesterin     .         . 0-35 

Other  organic  substances  insoluble  in  alcohol       .     O-ll 
Iron,  probably  as  phosphate 0-006  / 

In  100  parts  dry  solids  of  bile  obtained  from  a  fistula,  having  a 
specific  gravity  of  1010  and  2*24  to  2*28  per  cent,  of  solids,  Jacobsen 
got— 


Glycocholate  of  soda 

Sodic  chloride 

Palmitate  and  stearate  of  soda 

Phosphate  of  soda 

Carbonate       „ 

Cholesterin    . 

Phosphate  of  lime 

Potassic  chloride   . 

Lecithin 

Fats 

Kesidue  insoluble  in  alcohol  and  ether 


44-8 
24-5 
6-4 
5-9 
4-2 
2-5 
1-5 
1-2 
0-2 
0-4 
8-1 


In  this  analysis  Jacobsen  found  no  sulphur,  but  in  several  other 
analyses  he  obtained  a  large  percentage  of  this  body,  pointing  to  the 
presence  of  much  taurocholate  of  soda  (so  also  Bischoff).  A  varia- 
tion in  the  relative  proportions  of  these  two  biliary  acids  is  possibly 
produced  by  the  character  of  the  food.  Indeed,  Jacobsen  has  not 
found  the  composition  of  human  bile  to  be  very  constant,  the  biliary 
acids  varying  from  3-9  to  10*8  per  cent.,  and  the  specific  gravity,  which 
generally  averages  1017,  may  be  as  low  as  1010. 

The  percentage  of  sulphur  in  bile  varies  between  1*88  and  34:1, 
and  of  nitrogen  between  7*23  and  10'66  (Spiro). 

In  fuller  detail  the  chief  constituents  may  be  said  to  be — 

1.  Resinous  acids ^  the  so-called  biliary  acids,  which  exist  in  the 
bile  as  soluble  alkaline  salts;  for  example,  glycocholate  of  soda, 
C2Gll4  2NaNOf,.     Of  the  two  biliary  acids  most  modern  analyses  in- 
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dicate  the  glycocholic  as  preponderating  in  human  bile.  The  mean  of 
six  analyses  gave  a  percentage  of  6 "47  biliary  acids,  of  which  the 
taurocholic  formed  T'SG  per  cent.,  containing  0*09  per  cent,  of  sulphur 
(Jacobsen). 

2.  Pigments — bilirubin,  biliverdin,  and  sometimes  bilifuscin. 

3.  Mucin. 

4.  Cholesterin.  This  is  maintained  in  solution  by  the  taurocholate 
of  soda.  It  is  stated  to  form  1*6  per  cent,  in  human  bile  (Flint), 
and  is  probably  one  of  the  decomposition  products  of  nerve  sub- 
stance. 

5.  Lecithin  ;  probably  cholin  or  neurin,  an  alkaline  basic  deriva- 
tive of  the  lecithin ;  a  small  quantity  of  urea,  and  of  fats  existing 
chiefly  as  alkaline  soaps. 

6.  The  mineral  constituents  are  formed  chiefly  by  sodic  chloride, 
which  with  soda  salts  constitutes  over  three-fcurths  of  the  ash  of  bile ; 
there  are  also  alkaline  salts  of  the  fatty  acids,  and  phosphates  of  lime, 
magnesia,  and  iron. 

7.  Gases.  The  bile  contains  a  large  amount  of  gases,  partly  dis- 
solved in  and  partly  combined  with  it.  In  the  rabbit  the  freshly 
secreted  bile  contains  an  average  of  109  per  cent,  carbonic  acid,  and 
in  the  dog  about  57  per  cent. ;  only  traces  of  oxygen  and  nitrogen  are 
present  (J.  J.  Charles). 

In  some  animals  a  diastatic  ferment  has  been  obtained  from  the 
bile.  In  adult  men  the  bile  is  poorer  in  wat^r  and  fats,  and  richer  in 
biliary  acids,  pigments,  mucus,  and  mineral  salts  than  in  women  and 
children  ;  no  proteids  are  present  under  normal  conditions. 

In  ox  bile  taurocholate  and  glycocholate  of  soda  are  present,  in 
sheep's  bile  the  taurocholate  preponderates,  and  this  is  the  only  acid 
present  in  do'g's  bile,  while  in  the  bile  of  pigs  we  find  hyoglyco- 
cholate  and  hyotaurocholate  of  soda  (C27H43NO5  and  C27H45NSO6). 

Effect  of  Food,  &c.  — Abstinence  lessens  the  amount  of  bile 
formed ;  with  a  fatty  diet  little  bile  is  secreted,  but  more  with 
a  diet  of  bread  and  rice  ;  a  rich  nitrogenous  diet  increases  the 
amount  as  well  as  the  solid  constituents,  but  a  good  mixed  diet 
(as  bread  and  meat)  seems  to  be  the  most  effective  (Wolff). 

The  composition  of  the  bile,  besides  being  affected  by  the 
character  of  the  food,  is  also  influenced  by  the  period  of  its 
secretion,  the  acids  appearing  to  be  increased  during  digestion, 
then  diminished  in  amount,  and  increased  again  after  several 
hours  (HopPE  Seyler). 

Watery   solutions    of  the    biliary  acids   injected   into  the 
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blood  increase  the  biliary  acids  in  the  bile  (Huppert)  ;  the 
same  effect  is  likewise  produced  by  injecting  bile  into  the 
small  intestine  (Schiff).  An  increase  of  the  pigments  occurs 
after  the  injection  of  oxyhsemoglobin  or  bilirubin  solutions  into 
the  blood  (Tarchanoff). 

Action  of  the  Human  Bile. — 1.  Eimdsijies  fats  to  a  slight 
degree ;  also  dissolves  them  slightly,  particularly  the  three 
fatty  acids,  both  saponifying  and  emulsifying,  especially  in 
presence  of  pancreatic  juice. 

2.  Aids  in  the  absorption  of  fats,  as  membranes  moistened 
with  bile  admit  the  passage  of  fats  more  readily.  In  chyle, 
for  instance,  which  normally  contains  3*2  per  cent,  of  fats, 
the  proportion  is  reduced  to  0*2  per  cent,  when  the  flow  of 
bile  into  the  intestine  is  stopped. 

3.  Checks  ■putrid  fermentations  and  acts  as  a  natural  stimul- 
ant to  the  intestinal  mucous  membrane.  The  biliary  acids  are 
powerful  antiseptics,  especially  the  taurocholic  (Maly,  Emich). 

4.  The  bile  precipitates  all  the  pepsin  in  the  chyme  enter- 
ing the  small  intestine,  and  if  the  chyme  is  neutralised  or 
rendered  even  slightly  alkaline  pej^tones  or  syntonins  will 
also  be  precipitated.  The  pepsin,  which  would  .  interfere  with 
the  action  of  the  trypsin,  is  thus  disposed  of.  The  partially 
digested  food  passing  from  the  stomach  is  accordingly  well 
prepared  for  the  action  of  the  pancreatic  and  intestinal  juices, 
the  presence  of  bile,  so  detrimental  to  gastric  digestion,  rather 
favouring  the  action  of  these  juices. 

In  some  animals  bile  converts  starch  into  sugar. 

Role  of  the  Bile  in  the  Econoiny. — In  addition  to  assisting 
in  the  digestion  of  the  fats  the  bile  also  serves  to  excrete 
different  decomposition  products  from  the  system.  The  greater 
part  of  the  biliary  acids  is  reabsorbed  and  further  oxidised,  the 
intermediate  products  between  them  and  carbonic  anhydride 
and  water  being  unknown  ;  the  remaining  portion  is  decomposed 
and  excreted.  Excreta  and  vomited  matters  sometimes,  but 
imrticularly  in  diseased  conditions,  may  contain  traces  of  the 
biliary  acids,  but  their  decomposition  products  (as  cholic  and 
choloidic  acids  and  dyslysin)  are  more  likely  to  be  found  than 
themselves.  The  pigments  are  reabsorbed  in  part,  and  in 
part  also,  together  with  the  cholesterin,  excreted  in  the  faeces. 
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But  it  is  very  probable  that  several  of  the  ingredients  of 
the  bile  are  repeatedly  absorbed  and  re-excreted  during  the 
process  of  digestion. 

Source  and  Production  of  the  Biliary  Constituents. — The  biliary 
acids  are  not  met  with  in  the  blood,  although  glycocin  and  taurin, 
albumin  derivatives,  are  possible  constituents  of  parts  of  the  organism  ; 
these  acids  (or  at  least  cholic  acid)  are  secreted  by  the  hepatic  cells, 
at  the  expense  probably  of  an  albuminoid,  the  nitrogen  radicle  being 
derived  therefrom,  while  the  cholic  acid  radicle  may  be  derived  from 
the  fats,  the  combi#h,tion  of  the  two  being  effected  in  the  liver. 
Among  the  decomposition  products  of  cholic  acid  lauric  and  stearic 
acids  have  been  obtained  (Tappeiner). 

Some  of  the  haemoglobin  as  well  as  of  the  fibrin  disappear  from 
the  blood  in  its  passage  through  the  liver,  and  the  bilirubin  is  possibly 
indirectly  derived  from  the  former. 

Hsematoidin,  C3oH34N40g  ; 
Hsematin,  C32H34FeN40(i ; 
Bilirubin,  C32H3(jN406. 

Its  source  is  regarded  as  the  haemoglobin  of  the  blood  that  is 
brot;en  down  in  its  passage  through  the  liver.  The  injection  into  the 
blood  of  solutions  of  bodies  capable  of  dissolving  the  coloured  cor- 
puscles, and  thus  setting  free  the  haemoglobin,  has  been  found  to  cause 
bile  pigments  to  appear  in  the  urine.  Tarchanoff  obtained  an  in- 
creased discharge  of  the  bile  pigment  by  injecting  bilirubin  or  oxy- 
hiemoglobin  into  the  veins  of  a  dog.  But  the  spectra  of  hajmatoidiu 
and  bilirubin  are  quite  distinct  (Preyer).  We  cannot  do  moi-e, 
therefore,  with  our  present  knowledge,  than  regard  the  above  hypo- 
thesis as  to  the  origin  of  bilirubin  as  probable. 

Much  of  the  cholesterin,  if  not  all,  is  possibly  merely  excreted  by 
the  liver ;  it  is  most  likely  a  nerve  derivative,  and  in  some  conditions 
of  nerve  irritation  it  is  said  to  be  greatly  increased  (Flint).  The 
mucin  comes  from  the  epithelium  of  the  biliary  passages  and  not  from 
the  hepatic  cells. 

Tests  and  Reactions. — To  obtain  bile  for  analysis,  dilute  some  of 
the  fresh  secretion  with  water,  and  treat  the  mixture  with  spirit  or 
dilute  acetic  acid  ;  shake  well  and  filter.  The  filtrate  will  serve  for  the 
general  tests  ;  but  to  obtain  pui-ified  bile  for  analytical  purposes  mix 
the  bile  with  5  times  its  volume  of  absolute  alcohol;  filter  after  some 
time,  and  evaporate  the  filtrate  to  dryness.  The  residue  dissolved  in 
water  gives  the  reactions  well.  The  tests  for  bile  depend  on  the  identi- 
fication of  two  of  its  constituents,  the  biliary  acids  and  the  pigments 
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The  presence  of  biliary  acids  is  generally  ascertained  by  the  red  or 
purple  coloration  given  with  sulphuric  acid  and  sugar — Pettenkofer's 
test,  which  has  been  variously  modified — while  the  pigments  are  gene- 
rally detected  by  the  play  of  colours  given  with  an  oxidising  reagent  like 
nitric  acid.  The  Pettenkofer's  test  as  applied  to  urinary  products  is 
somewhat  deceptive,  as  the  urochrome,  &c.,  yield  red  and  purple 
colorations  with  sulphuric  acid ;  but  doubt  can  be  set  at  rest  by  the 
use  of  the  spectroscope,  bile  giving  a  broad  dark  band  overlying 
D,  two  or  three  other  bands  occasionally  being  seen.  A  great  many 
organic  bodies  besides  the  biliary  acids  give  purple  colorations  with  sul- 
phuric acid  alone,  or  with  sulphuric  acid  and  sugar ;  bul;  such  bodies 
are  rarely  met  with  in  bile  or  biliary  urine. 

1.  Pettenkofer's  Reaction  for  the  Biliary  Acids. — (a)  Add 
to  some  bile  in  a  test  tube,  or  to  a  fluid  containing  it,  a  little 
sugar,  then  an  equal  volume  of  strong  sulphuric  acid,  which  is 
to  be  allowed  to  trickle  down  the  side  of  the  inclined  tube  :  a 
strongly  coloured  layer  forms  immediately  above  the  level  of 
the  acid,  which  takes  a  purple  tint  on  slight  agitation.  This 
purple  layer  gives  two  absorption  bands,  one  near  e  and  the 
other  beside  f,  when  examined  spectroscopicaliy  (Schenk)  ; 
but  it  has  also  been  given  as  a  band  outside  d  and  a  broad 
band  at  e  (MacMunn)  ;  and  according  to  Heynsius  and  Campbell 
in  the  case  of  sodium  taurocholate  there  are  three  bands, 
one  between  c  and  D,  a  second  between  D  and  e,  and  a  third 
near  F.  These  bands  are  not  given  by  the  purple-coloured  fluid 
obtained  in  the  same  way  with  albumins,  &c. ;  further,  the  red 
fluid  obtained  in  Pettenkofer's  reaction  is  dichroic,  while  that 
got  with  albumin,  &c.,  is  not  so. 

(6)  Dip  a  piece  of  filter  paper  in  the  diluted  bile  after 
having  added  to  it  a  little  cane  sugar;  dry  the  paper,  and 
place  a  drop  of  sulphuric  acid  upon  it :  a  violet  red  colour  will 
appear  in  a  few  seconds  (Eosenbach  and  StrassburgY 

(c)  Place  a  little  bile,  and  about  two-thirds  its  volume  of 
sulphuric  acid,  and  one  to  two  drops  of  a  solution  of  cane  sugar 
(10  per  cent.)  in  a  dish  over  a  water  bath  ;  heat  up  to  70°, 
and  a  purple  violet  coloration  will  be  obtained.  The  presence 
of  nitrates  or  chlorates  interferes  with  the  reaction. 

(d)  I  have  employed  the  following  modification  of  Petten- 
kofer's test  for  some  years  past,  and  have  found  it  wt^rk  deli. 
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cately  and  satisfactorily.  As  it  depends  on  the  coloration  of 
the  froth  obtained  by  shaking  the  fluid  containing  the  bile,  it 
is  often  advisable,  so  as  to  obtain  as  permanent  a  froth  as  pos- 
sible, to  mix  the  biliary  fluid  with  a  little  mucilage  of  gum  arabic 
before  adding  the  syrup,  though  if  much  bile  is  present  this 
is  not  necessary.  The  test  tube  must  next  be  vigorously  shaken 
for  a  short  time,  and  when  a  deep  layer  of  froth  has  formed  a 
few  drops  of-  strong  sulphuric  acid  are  allowed  to  trickle  down 
into  it,  when  a  beautiful  violet  or  purple  coloration  will  make 
its  appeafknce,  either  at  once  or  after  the  side  of  the  tube  has 
been  very  gently  warmed. 

2.  Gmelin's  Test  for  the  Biliary  Pigments, — Nitric  acid 
added  to  bile  gives  a  precipitate  which  disappears  on  the  addi- 
tion of  fresh  acid,  a  play  of  colours  being  produced — green, 
blue,  violet,  red,  and  finally  yellow.  This  test  may  be  applied 
in  various  ways.  A  very  good  plan  is  to  spread  a  drop  of  the 
diluted  bile  on  a  white  porcelain  dish,  and  then  allow  a  drop  of 
yellow  nitric  acid  to  flow  into  it,  when  the  rings  of  colour  will 
appear  at  the  point  of  contact. 

3.  Absorption  Spectrum  of  Bile. — Hepatic  bile  is  clear, 
but  after  having  lain  in  the  gall  bladder  it  becomes  darker 
coloured,  denser,  ropy,  and  charged  with  much  mucus.  When 
fresh  it  gives  an  absorption  band  between  D  and  E,  but  nearer 
D.  After  some  time  the  bile  alters,  becoming  dichroic  and 
presenting  four  absorption  bands. 

Examine  also  a  filtered  dilute  hydrochloric  acid  extract  of 
dog's  bile  with  the  spectroscope,  and  a  narrow  band  will  be 
found  between  h  and  f. 

Before  applying  any  of  these  tests  to  fluids  containing  bile, 
it  is  often  advantageous  to  separate  the  biliary  acids  and  pig- 
ments, which  is  particularly  necessary  when  the  amount  of  bile 
present  is  very  slight. 

4.  Separation  of  some  of  the  Biliary  Constituents. — Dilute 
some  bile  with  water  and  add  alcohol :  a  precipitate  of  mucus 
occurs;  filter,  and  to  a  little  of  the  filtrate  add  hydrochloric 
acid,  when  glycocholic  acid  will  be  thrown  down  in  flakes ;  to 
the  rest  of  the  filtrate  add  acetate  of  lead  solution :  glycocho- 
late  of  lead  will  be  precipitated,  and  from  the  filtrate  tauro- 
cholal^e  will  be  obtained  by  the  addition  of  subacetate  of  lead. 
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5.  To  Analyse  the  Bile  (Gorup  Besanez). —  (a)  Weigh  20  grams 
in  a  tared  capsule,  and  having  evaporated  to  dryness  heat  the  residue 
for  some  time  to  110°;  weigh  on  cooling. 

{h)  Exhaust  the  dry  mass  with  absolute  alcohol,  and  collect  the 
insoluble  residue,  which  consists  of  mucin^  a  little  pigment,  and  in- 
soluble salts ;  dry  and  weigh  as  before ;  then  incinerate  in  a  platinum 
capsule  :  the  salts  remain  behind. 

(c)  The  alcoholic  extract  is  evaporated  to  a  small  volume,  excess 
of  ether  added,  and  the  mixture  laid  aside  for  several  days  ;  decant  the 
ether  carefully  and  wash  repeatedly  with  fresh  ether.  The  precipitate 
consists  of  the  salts  of  the  liliary  acids.  Dissolve  in  a  li^e  alcohol, 
evaporate  in  a  porcelain  capsule,  and  having  dried  the  residue  weigh. 

{d)  The  ethereal  extract  is  to  be  distilled,  the  residue  well  dried 
over  sulphuric  acid  in  vacuo,  and  weighed ;  it  consists  of  cholesterin, 
fat,  and  lecithin.  To  separate  the  fat  and  lecithin  from  the  choles- 
terin boil  gently  with  caustic  potash,  which  saponifies  the  fat  and 
lecithin ;  shake  well  with  a  little  water,  and  then  with  ether  to  dis- 
solve up  the  cholesterin ;  the  ethereal  extract  is  to  be  evaporated,  and 
the  residue,  when  washed  with  a  little  water,  dried  at  100°,  and 
weighed,  gives  the  cholesterin. 

6.  To  Detect  Bile  in  Vomited  Matters. — The  bile,  if  present,  gene- 
rally imparts  a  green  colour  and  a  bitter  taste  to  the  fluid ;  much 
mucus  also  is  usually  present.  Shake  up  the  vomit  with  water  and 
filter  through  a  linen  cloth ;  precipitate  the  filtrate  with  plumbic 
acetate,  and  wash  the  precipitate  on  a  filter ;  then  digest  it  with  sodic 
carbonate  to  remove  the  pigment,  and  evaporate  to  dryness ;  treat  the 
residue  with  alcohol,  filter,  and  evaporate  the  filtrate.  The  residue 
dissolved  in  a  little  water  is  then  tested  for  biliary  acids. 

Pathology. — 1.  The  total  amount  is  probably  diminished 
in  the  beginning  of  fevers.  2.  The  solids  are  increased 
especially  in  severe  abdominal  affections,  in  certain  diseases  of 
the  heart  where  the  hepatic  circulation  is  embarrassed,  in 
cholera,  and  in  retention  of  bile ;  but  they  are  diminished  in 
pneumonia,  tubercle,  dropsy,  and  diabetes.  3.  The  biliary 
acids  and  ^pigments  are  much  diminished  in  typhoid  fever, 
and  the  bile  in  this  disease,  as  well  as  in  typhus,  may  become 
acid.  The  'pigments  may  be  wanting  in  fatty  degeneration  of 
the  liver,  and  the  biliary  acids  may  disappear  in  some  cases  of 
amyloid  degeneration.  The  pigments  are  increased,  often  more 
than  doubled,  in  jaundice.  Bile  has  a  solvent  action  on  the 
coloured  corpuscles  of  the  blood,  and  it  is  possible  that  in  cases 
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of  jaundice  this  solution  may  occur.  4.  Leucin,  tyrosin,  and 
much  fat  may  be^  present  in  typhus  and  typhoid  fever.  5.  Crys- 
tallised fat  or  balls  of  fat  may  be  met  with  in  tuberculosis. 
6.  Sugar  and  glycogen  may  appear  in  diabetes,  as  well  as 
after  injection  of  sugar  into  the  veins  ;  both  are  diminished 
in  fever.  7.  Albumin  is  occasionally  present  in  fatty  de- 
generation of  the  liver,  in  Bright's  disease,  and  after  the  injec- 
tion of  much  water  into  the  veins.  8.  Urea  may  appear  in  the 
bile  in  Bright's  disease,  cholera,  &c. 

In  certain  chronic  affections  the  flow  of  bile  is  hindered, 
and  it  becomes  concentrated,  frequently  leading  to  a  deposit  of 
cholesterin  crystals,  crystallised  fat  being  frequently  formed 
under  similar  circumstances.  The  same  has  also  been  noticed 
in  chronic  nephritis  and  hydrothorax. 

The  amount  of  bile,  but  chiefly  its  water,  is  increased  by 
the  ingestion  of  such  bodies  as  calomel,  podophyllin,  aloes, 
rhubarb,  scammony,  taraxacum,  and  different  laxatives  (Scott, 

EUTHERFORD,  KoHRIG). 

Bile  acids,  when  injected,  tend  to  destroy  the  blood  cor- 
puscles, as  well  as  to  produce  parenchymatous  degeneration  of 
the  glands  and  muscles  ;  and,  by  acting  on  the  cardiac  ganglia, 
cause  a  slowing  of  the  pulse  (Legg,  Steiner)  ;  a  spasm  of  the 
respiratory  muscles  is  likewise  said  to  be  produced,  and  the 
urine  becomes  darker  in  tint. 

Biliary  calculi  are  rounded,  ellipsoidal,  or  polyhedric, 
generally  smooth,  but  sometimes  covered  with  small  mulberry- 
like projections,  and  either  crystalline  or  amorphous  in  struc- 
ture ;  they  are  of  all  sizes  up  to  that  of  a  nut,  though  occasion- 
ally much  larger  ;  their  number  also  varies,  as  many  as  7,000 
having  once  been  found  in  a  gall  bladder  (Otto).  These  cal- 
culi are  formed  by  the  deposition  in  the  insoluble  state  of  cer- 
tain of  the  constituents  of  the  bile  around  flocculi  of  mucus  or 
epithelium.  The  most  frequent  are  cholesterin,  bilirubin,  bili- 
verdin,  and  carbonate  of  lime.  The  dark-coloured"  calculi  are 
richest  in  bilirubin,  while  the  pale  and  often  crystalline  calculi 
are  chiefly  cholesterin.  Most  commonly  these  different  bodies 
are  present  in  varying  proportions  in  the  same  calculus  ;  thus 
in  man  they  consist  most  frequently  of  cholesterin  (generally 
over  95  per  cent.)  mixed  with  varying  amounts  of  pigments 
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and  lime  salts.  Calculi  of  carbonate  and  phosphate  of  lime  are 
the  least  frequent.  Most  biliary  calculi  contain  traces  of  fat, 
biliary  acids,  mucus,  and  epithelium  in  addition  to  their  chief 
components.  Calculi  of  the  ox  usually  contain  very  little 
cholesterin,  about  a  half  or  a  third  of  their  mass  consisting  of 
bilirubin  combined  with  lime. 


CHAPTEE  XI. 

THE  BILIARY  ACIDS. 


The  bile  of  most  animals  contains  alkaline  salts  of  taurocholic 
and  glycocholic  acids.  Both  bodies  are  characterised  by  the  readi- 
ness with  which  they  can  be  split  up  by  their  hydration  under 
the  influence  of  prolonged  boiling  with  alkalies  or  mineral  acids, 

(glycocholic  acid)  (cholic  or  cholalic  acid)     (glycocin) 

C,eH,,NSO,  +  H,0     =     C,,H,„0,     +     C,H,NS03 

(taurocholic  acid)  (taurin) 

The  prolonged  action  of  these  reagents  may  cause  the  cholic 
acid  to  be  broken  down  still  further  and  furnish  a  resinous  pro- 
duct, dy  sly  sin  (C24H3g03),  insoluble  in  water  and  alcohol,  but 
readily  soluble  in  ether  ;  indeed,  cholic  acid  under  the  influence 
of  heat  alone,  or  of  heat  and  hydrochloric  acid,  may  be  thus 
decomposed. 

In  human  bile  a  body  called  anthropoglycocholic  acid 
(CigHggO^)  has  been  described  (H.  Bayer). 

Possibly  much  of  the  biliary  acids  secreted  in  the  bile,  par- 
ticularly the  glycocholic,  is  absorbed  again  and  re-excreted, 
the  absorption  occurring  chiefly  in  the  jejunum  and  ileum,  for 
ScHiFF  found  that  the  establishment  of  a  biliary  fistula  in  a 
dog  quickly  lowered  the  total  amount  formed,  but  that  this  w^as 
as  quickly  raised  if  the  bile  was  re-injected  into  the  small  in- 
testine.    Tappeiner's  experiments  also  prove  the  same  thing. 

In  human  bile  glycocholic  acid  is  much  in  excess  of  the 
taurocholic  (SocoLOFF,  Trifanowski,  Jacobsen). 
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Preparation. — Different  methods  have  been  given,  of  wliich  a 
few  have  been  selected  which  the  author  has  found  effective. 

1.  Evaporate  ox'bile  to  a  thick  syrup,  stirring  it  frequently  with  a 
glass  rod,  digest  this  with  cold  absolute  alcohol,  which  leaves  the 
pigments,  part  of  the  mineral  salts,  and  the  mucus  undissolved ;  then 
filter  the  alcoholic  extract  through  animal  charcoal,  or  shake  it  well 
and  boil  it  with  the  charcoal,  and  filter.  This  alcoholic  extract  may 
also  be  made  by  rubbing  up  the  bile  with  sufficient  animal  charcoal 
to  form  a  paste,,  which  is  to  be  well  dried  over  a  water  bath,  reduced 
to  a  powder,  and  then  extracted  with  absolute  alcohol. 

The  alcoholic  extract  having  been  made,  the  alcohol  is  to  be  dis- 
tilled off,  the  dry  residue  dissolved  up  in  a  little  absolute  alcohol,  and 
the  solution  treated  with  ether  until  it  becomes  markedly  turbid.  A 
whitish  mass  is  deposited  in  a  few  hours  or  days,  wliich  gradually 
assumes  more  or  less  of  a  crystalline  appearance.  This  is  Plattner's 
crystallised  bile,  and  consists  of  a  mixture  of  glycocholate  and  tauro- 
cholate  of  soda.  By  dissolving  this  in  a  small  volume  of  water,  adding 
a  little  ether  and  then  dilute  sulphuric  acid,  and  stirring  well,  glyco- 
cholic  acid  crystallises  out  in  shining  needles,  the  taurocholic  acid  re- 
maining in  solution ;  the  crystals  may  be  collected  on  a  filter,  washed 
with  water,  redissolved  in  very  dilute  spirit,  and  precipitated  with  ex- 
cess of  ether. 

Or  to  a  solution  of  Plattner's  crystals  add  neutral  and  then  a  little 
basic  lead  acetate,  when  glycocholate  of  lead  will  be  thrown  down ; 
collect  on  a  filter,  wash,  dissolve  in  hot  alcohol,  and  remove  the  lead 
by  passing  a  current  of  sulphuretted  hydrogen  through  it  j  filter,  and 
by  the  careful  addition  of  water  to  the  alcoholic  filtrate  crystals  will 
be  deposited.  To  the  previous  filtrate  from  the  glycocholate  of  lead 
add  acetate  of  lead  and  ammonia,  collect  the  taurocholate  of  lead  pre- 
cipitated, and  wash  and  decompose  it  as  with  the  glycocholate. 

2.  Evaporate  ox  bile  nearly  to  dryness,  extract  with  alcohol  (90 
per  cent.),  filter,  distil  off  the  alcohol  from  the  filtrate,  and  treat  the 
residue  with  water ;  to  the  watery  solution  add  some  milk  of  lime, 
warm  gently,  and  filter.  When  the  yellowish  filtrate  cools  treat  it 
with  excess  of  dilute  sulphuric  acid  until  a  permanent  turbidity  ap- 
pears. Lay  aside  until  a  crystalline  precipitate  forms,  which  will 
occur  sooner  or  later.  Collect  and  wash  it  on  the  filter,  with  cold 
water ;  it  is  then  to  be  expressed,  and  dried  between  folds  of  blotting- 
paper,  dissolved  in  excess  of  lime  water,  and  again  treated  as  before 
with  dilute  sulphuric  acid.  The  glycocholic  acid  precipitated  after 
some  time  (days,  or  even  weeks)  becomes  crystalline. 

3.  The  concentrated  fresh  ox  bile  is  poured  into  high  narrow 
glass  cylinders,   covered  with  ether,  and  then  treated  with  a  suffi- 
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ciency  of  hydrochloric  acid  (2  c.c.  acid  to  every  40  c.c.  of  fresh  bile). 
The  bile  becomes  crystalline.  Pour  off  the  ether,  and  shake  the 
residue  with  much  water ;  collect  it  on  a  filter,  and  wash  it  there 
with  cold  water  until  the  washings  are  colourless;  now  dissolve 
the  residue  in  hot  water  and  filter.  When  the  filtrate  cools  the 
glycocholate  will  crystallise  out. 

4.  Evaporate  dog's  bile  to  a  syrup,  exhaust  this  with  alcohol,  and 
shake  the  alcoholic  extract  with  animal  charcoal  to  decolourise  it ; 
then  evaporate  to  dryness,  redissolve  in  a  little  warm  absolute  alcohol, 
filter  again,  and  precipitate  with  excess  of  ether. 

The  pigment  may  be  removed,  as  in  method  1,  by  first  making 
the  bile  into  a  paste  with  the  charcoal,  then  evaporating  to  dryness 
and  extracting  the  dry  residue  with  a  little  absokite  alcohol,  to  which 
eiicess  of  ether  is  to  be  added.  The  precipitate  of  taurocholic  acid, 
which  appears  slowly,  assumes  a  crystalline  character ;  to  purify  it 
dissolve  in  a  little  water,  precipitate  the  solution  with  basic  lead 
acetate  and  ammonia,  and  wash  the  deposit  with  water ;  then  digest 
it  with  boiling  absolute  alcohol  and  filter  hot;  pass  a  current  of 
hydric  sulphide  through  the  filtrate  and  separate  the  lead  sulphide  by 
filtration ;  this  last  alcoholic  filtrate  is  to  be  evaporated  to  a  syrupy 
consistence  at  a  low  temperature,  and  the  taurocholic  acid  thrown 
down  by  the  addition  of  excess  of  ether. 

Properties.—  (a)  The  glycocholic  acid  exists  in  two  forms, 
one  of  which  crystallises  in  very  fine  needles,  and  the  other  is 
amorphous,  appearing  as  a  resinous  mass.  It  is  monobasic, 
and  enters  into  combination  with  the  alkalies  and  alkaline 
earths,  also  with  silver  and  lead.  This  acid  is  soluble  without 
alteration  in  hydrochloric,  sulphuric,  and  acetic  acids  and  gly- 
cerin ;  easily  soluble  in  alkaline  solutions,  with  the  formation  of 
salts ;  very  slightly  soluble  in  cold,  but  more  soluble  in  hot  water ; 
almost  insoluble  in  ether,  but  very  soluble  in  alcohol.  Its  alco- 
holic solution  exerts  right-handed  polarisation  =29°,  the  gly- 
cocholate of  soda  being  =25-7°.  \ 

This  acid  appears  to  be  absent  from  the  bile  of  carnivora, 
but  it  is  abundant  in  ox  bile  and  in  human  bile. 

(b)  The  taurocholic  acid  {choleic  acid,  Stkicker),  or  at 
least  its  soda  salt,  forms  silky  needles  that  deliquesce  readily 
in  the  air,  forming  an  amorphous  mass  that  soon  passes  into  a 
syrup,  being  very  unstable,  and  decomposing  readily  into  taurin 
and  cholalic  acid.     It  is  soluble  in  water   and   alcohol,   and 
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polarises  to  the  right,  its  soda  salt  in  alcoholic  solution  having 
a  specific  polarising  power  of  24*5°,  but  in  watery  solution  only 
equal  to  21*5°.  It  combines  with  potash,  soda,  and  baryta,  and 
its  solutions  are  precipitated  by  basic  acetate  of  lead  and  am- 
monia, but  not  by  neutral  acetate,  like  the  glycocholate. 

This  acid  is  especially  plentiful  in  the  bile  of  the  carnivora, 
being  the  only  one  present  in  dog's  bile ;  but  it  is  to  be  found 
also  in  ox  and  human  bile. 

Tests  for  the  Biliary  Acids. — 1.  To  the  solution  of  the  biliary 
acids  add  a  little  solution  of  cane  sugar,  and  then  drop  by  drop 
strong  sulphuric  acid :  a  white  cloudy  appearance  is  produced, 
which  disappears  w^ith  excess  of  acid,  a  deep  purple  violet  colour 
being  produced. 

2.  If  present  in  small  amount  in  a  liquid,  evaporate  this, 
and  digest  the  residue  wdth  alcohol,  and  evaporate  the  alcoholic 
residue  in  turn.  Add  a  few  drops  of  water  to  the  dry  extract,  and 
then  a  drop  or  two  of  syrup  (1  to  3  water)  ;  let  strong  sul- 
phuric acid  now  fall  drop  by  drop  into  the  mixture,  and  -  an 
orange  colour,  rapidly  passing  through  a  carmine  to  a  purple 
tint,  shows  itself,  but  soon  disappears.  The  quantity  of  water 
must  be  small,  and  the  temperature  below  60°. 

The  reaction  can  often  be  satisfactorily  obtained  by  adding  a  drop 
of  sugar  solution  (i  per  cent.)  and  a  drop  of  sulphuric  acid  to  the  dry 
residue,  and  gently  heating  over  a  water  bath  until  a  violet  red 
coloration  begins  to  show  itself  at  the  margin  of  the  liquid,  when  the 
capsule  is  to  he  removed  and  laid  aside.  The  colour  increases  in 
intensity. 

The  charring  of  the  sugar  (as  in  the  case  of  diabetic  urine)  by  the 
sulphuric  acid  sometimes  hinders  the  characteristic  reaction,  particu- 
larly if  the  temperature  rises  too  high  ;  so  Drechsel  has  proposed 
the  use  of  a  syrupy  solution  of  phosphoric  acid  instead  of  the  sulphuric, 
the  heat  being  applied  as  before. 

In  addition  to  the  biliary  acids,  oleic  acid,  cholesterin,  lecithin,  ben- 
zin,  phenol,  turpentine,  camphor,  salicylic,  tannic,  and  pyrogallic  acids, 
morphia  and  various  fats  are  said  to  give  Pettenkofer's  reaction  with 
sugar  and  sulphuric  acid  ;  and  with  sulphuric  acid  alone  the  reaction 
can  be  obtained  with  cod-liver  oil,  cerebrin,  salicin,  piperin,  <fec.  The 
latter  bodies  appear,  therefore,  to  contain  a  radicle  related  to  sugar. 
The  coloured  body  produced  appears  to  depend  more  on  the  constitu- 
tion than  on  the  composition  of  the  product  (Kingzett). 

P 
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By  means  of  the  specfcrosaopic  test  any  diffi3iilty  with  regard  to 
the  possible  presenc  3  of  album  Ins,  fatty  acids,  amyl  alcohol,  &3.,miy  be 
avoided,  as  a  moderately  strong  solution  of  the  biliary  acids  gives  an 
absorption  band  between  d  and  E,  but  nearer  e,  and  a  second  beside 
F  towards  its  red  side  (Schenk). 

3.  The  amount  of  biliary  acids  present  in  bile  or  in  a  liquid  can 

be  determined  approximately  by  means  of  the  polariscope  with  an 

a  X  56'4 
alcoholic  solution:  ^=      ^       ,  a= deviation  in  degrees  with   a    1 

decimetre  tube. 

4.  Quantifativs  Determination  of  TaurocJiolic  Acid. — By  burn  ing  a 
weighed  quantity  of  dry  bile,  which  has  been  freed  from  every  trace 
of  sulphuric  acid  by  baryta  water,  with  nitric  acid,  the  sulphur  of 
the  taurocholic  acid  is  oxidised.  Digest  the  residue  with  water  and 
determine  the  sulphuric  acid  by  baryta  (see  Acidimetry).  98  parts  sul- 
phuric acid =32  sulphur,  and  1  part  sulphur=:16'8  taurocholic  acid. 

Derivatives.— j.  CHOLIC  or  CHOLALIC  ACID,  lAG^^Tl^fi^^ 
+  H2O5  is  principally  interesting  as  being  the  starting  point  of 
the  biliary  acids.  It  is  the  constant  product  of  the  decomposi- 
tion of  the  biliary  acids,  and  accordingly  is  found  in  the  intestinal 
-contents,  and  occasionally  in  the  urine  of  jaundice,  but  it  is  not 
present  in  fresh  bile  nor  in  the  organism. 

It  is  readily  obtained  by  the  action  of  acids  or  boiling  alka- 
lies on  the  biliary  acids,  but  Bayer  affirms  that  the  cholic  acid 
dierived  from  the  human  biliary  acids  is  quite  different  to  that 
prepared  from  ox  bile  by  Strieker's  method,  and  Hammarsten 
agrees  with  him  in  this  respect  in  some  points. 

It  is  prepared  by  boiling  bile  with  caustic  potash  for  12  to  24 
hours  ;  then  precipitate  with  hydrochloric  acid,  and  having  washed  the 
deposit  with  water  dissolve  it  in  caustic  soda  containing  a  little  ether  ; 
hydrochloric  acid  is  next  added,  and  after  some  time  crystals  form  ; 
decant  and  cover  the  residue  with  ether,  drain  oif  the  ether  in  half  an 
hour  or  so,  and  dissolve  the  deposit  in  boiling  alcohol ;  to  this  solution 
add  a  little  water  until  a  permanent  precipitate  appears  :  tetrahedric 
crystals  soon  make  their  appearance. 

Properties. — It  is  almost  insoluble  in  water,  soluble  with 
difficulty  in  ether,  and  moderately  soluble  in  alcohol.  Cholic 
acid  occurs  in  an  amorphous  as  well  as  in  three  crystalline 
forms ;  it  is  monobasic,  and  by  prolonged  boiling  with  acids 
and  alkalies,  as  well  as  by  putrid  decomposition,  it  is  transformed 
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into  choloidic  acid  (024113304)  and  later  into  dyslysin  (034113503). 
If  nitric  acid  is  employed,  and  the  boiling  continued  for  five  or 
six  days,  a  good  condenser  being  attached  to  the  vessels, acetic  and 
other  volatile  fatty  acids  are  evolved,  and  cholesteric  (OgHj^O^) 
and  choloidanic  acids  {O^^^fi^)  remain  behind  in  the  retort. 

ij.  For  GLYCOCIN,  one  of  the  decomposition  products  of 
glycocholic  acid,  see  under  Hippuric  Acid,  p.  463. 

iij.  TATJRIN,  C2H,NS03.— This  body  is  found  in  the  in- 
testinal canal,  kidneys,  spleen,  lungs,  and  in  putrid  but  not 
fresh  bile,  being  developed  at  the  expense  of  the  taurocholic 
acid  when  the  bile  ferments. 

It  is  isomeric  with  isethionamid,  and  ammonium  isethionate 
when  heated  to  210°  to  220°  is  converted  into  amidethyl  sul- 
phonic  acid,  or  taurin — 

^2^4  I  SO3NH4  =  ^^0  +  C2H4  I  g^^lj 

Preparation. — Concentrate  fresh  ox  or  dog's  bile  and  boil  it  several 
hours  with  dilute  hydrochloric  acid,  adding  water  from  time  to  time 
to  replace  the  loss  by  evaporation ;  dyslysin  separates,  and  afterwards 
some  sodic  chloride ;  decant  and  filter,  evaporate  the  filtrate  to  dryness, 
and  digest  the  residue  with  absolute  alcohol,  which  precipitates  the 
taurin  and  removes  the  glycocin  chlorhydrate.  The  residue,  in- 
soluble in  the  alcohol,  is  dissolved  in  water  and  left  to  crystallise, 
when  more  sodic  chloride  separates,  the  taurin  remaining  in  solution. 
To  the  decanted  liquid  add  4  to  5  times  its  volume  of  boiling  alcohol, 
which  fakes  up  the  taurin,  this  body  afterwards  separating  in  prismatic 
crystals  when  the  alcohol  cools.  To  purify  it  the  taurin  may  be 
repeatedly  dissolved  up  in  water,  and  crystallised  out  by  the  addition 
of  alcohol. 

Properties. — Taurin  crystallises  in  large  four-  or  six-sided 
colourless  prisms  soluble  in  hot  water  and  insoluble  in  alcohol ; 
it  is  not  decomposed  by  boiling  dilute  acids  or  alkalies,  but 
nitrous  acid  breaks  it  up  into  isethionic  acid,  water,  and  nitro- 
gen. Combinations  with  soda,  lime,  silver,  lead,  and  mercury, 
&c.,  are  known  as — 

C,H,(Na)NSO„  (C,H,NSO,),Ca,  (C,H„NS03),Hg  +  HgO. 
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THE  BILIARY  PIGMENTS. 

The  two  normal  pigments  are  hilwubin  and  biliverdin,  but 
the  freshly  secreted  bile  poured  out  during  digestion  which 
has  not  lain  in  the  gall  bladder  appears  to  contain  bilirubin 
alone.  Two  others  are  described  by  Stadelee,  bilifuscin  and 
biliprasin,  which  are  met  with  chiefly  in  biliary  calculi;  bili- 
humin  has  also  been  described,  and  Hammarsten  further  gives 
hydrobilirubin.  These  pigments  play  the  role  of  weak  acids. 
According  to  Stadeler  the  following  relationship  exists  among 
some  of  these  colouring  principles:  biliverdin  is  bilirubin  +0 
and  HgO ;  biliprasin  the  same,  only  with  an  additional  mole- 
cule of  water ;  and  bilifuscin,  bilirubin  +  211  fi. 

Bilifuscin  (CjgH2oN204)  is  found  in  small  quantity  in 
old  bile  obtained  from  the  post-mortem  room,  and  in  human 
gall  stones;  biliprasin  (CigH22N20g),  in  human  gall  stones 
in  small  amount ;  while  bilihumin  is  an  impure  product. 

Bilirubin,  of  which  the  rest  seem  to  be  derivatives,  is  closely 
related  to  hsematin,  a  derivative  of  haemoglobin — 

^(C^AoN.FeO,)  +  3H,0  =  eCC.^H^NA)  +  3FeO. 

(haematin)  (bilirubin) 

BILIRUBIN  (Bilphaein,  Bilifulvin,  Cholepyrrhin),  CigHj^NgOg 
or  C9Hj,N02  (Thudichum). — This  pigment  is  present  in  the  free 
state  in  the  bile  of  man  and  carnivora,  but  more  abundant  in 
ox  bile ;  also  in  large  amount  in  gall  stones,  particularly  those 
of  a  dark  colour,  in  which  it  is  partly  combined  with  some  of 
the  alkaline  earths,  &c.  It  constitutes  the  chief  biliary  pig- 
ment, and  is  probably  more  or  less  identical  with  hsematoidin, 
the  blood  crystals  found  in  old  extravasations  (Valentiner). 

Preparation. — 1.  Powder  richly  coloured  biliary  calculi,  particu- 
laHy  those  of  the  ox,  and  exhaust  the  powder  with  ether,  and  subse- 
quently with  boiling  water,  to  which  a  few  drops  of  hydrochloric  acid 
should  be  added  to  separate  the  bilirubin  from  its  combinations. 
"Wash  it  now  in  pure  water  and  dry  it.  The  residue  is  next  boiled 
with  chloroform  and  filtered ;  from  the  filtrate  the  chloroform  is  dis- 
tilled off,  and  the  residue  extracted  with  absolute  alcohol  and  ether, 
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by  which  bilifuscin  is  removed,  the  bilirubin  remaining  behind.  It 
may  now,  to  purify  it,  be  redissolved  in  chloroform,  and  the  solution 
allowed  to  evaporate* spontaneously  for  some  time,  and  then  the  bili- 
rubin thrown  down  as  an  amorphous  orange  precipitate  by  the 
addition  of  alcohol  (after  Stadeler).  Some  of  the  bilirubin  may  be 
obtained  in  the  crystalline  form  by  allowing  part  of  the  chloroform 
solution  to  evaporate  to  dryness. 

The  residue  after  the  chloroform  extraction  contains  generally  a 
green  colouring -matter,  hiliprasin,  which  can  be  removed  by  means  of 
alcohol,  the  alcoKolic  extract  evaporated,  the  residue  purified  with 
ether  and  chloroform,  and  then  dissolved  up  again  in  a  little  cold 
alcohol. 

After  the  action"  of  all  these  solvents  upon  gall  stones  a  brown 
body,  bilihumin,  usually  remains  behind. 

2.  From  Human  Bile. — Add  an  excess  of  alcohol,  and  then  a  little 
ammonia  and  calcic  chloride,  filter,  and  exhaust  the  precipitate  with 
alcohol.  The  residue  is  treated  with  dilute  hydrochloric  acid,  and 
after  having  been  washed  with  water  is  extracted  with  alcohol,  which 
dissolves  out  the  bilifuscin,  while  the  insoluble  part  is  digested  with 
chloroform,  which  dissolves  up  the  bilirubin  (Thudtchum). 

Or  dilute  the  bile  with  water,  precipitate  with  milk  of  lime,  then 
pass  a  current  of  carbonic  acid  for  some  time  to  separate  the  lime,  and 
filter ;  decompose  the  precipitate  with  a  little  hydrochloric  acid,  then 
shake  it  up  with  chloroform,  and  after  Laving  evaporated  off  much  of 
the  chloroform  precipitate  the  bilirubin  with  alcohol. 

3.  It  can  readily  be  extracted  from  fresh  dog's  bile  by  acidifying 
this  with  acetic  acid,  adding  chloroform,  then  warming  gently  and 
shaking  well  in  a  flask.  Allow  the  chloroform  extract  to  settle,  and 
remove  it  with  a  pipette.  The  bilirubin  can  be  separated  from  the 
chloroform  by  evaporation  or  precipitation  with  alcohol. 

Properties. — It  forms  a  fine  orange  or  red  amorphous,  or 
a  dark  brownish-red,  crystalline  powder,  the  crystals  forming 
rhombic  tables  or  prisms,  soluble  in  the  alkaline  carbonates 
and  precipi table  therefrom  by  hydrochloric  acid ;  readily  soluble 
also  in  chloroform  and  benzole,  although  its  alkaline  com- 
binations are  insoluble  in  these  reagents;  but  very  sparingly 
soluble  in  alcohol  and  ether.  Its  colour  is  evident  even  in 
very  dilute  solutions.  Bilirubin  acts  the  part  of  a  weak  acid, 
and   combines  with   soda,   lime,   silver,  baryta,   lead,   &c.,   as 

(C„H„N,03)A- 

Derivatives  and  Characteristics. — 1.  Add  some  moderately 
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'strong  yellow  nitric  acid,  drop  by  drop,  to  an  ammoniacal  solu- 
tion of  bilirubin ;  a  green  coloration  appears,  which  rapidly 
changes  to  a  blue  (bilicyanin),  a  violet,  a  red,  and  then  an 
orange  and  yellow  tint. 

Zones  of  colour  will  also  be  obtained  by  placing  drops  of 
the  bilirubin  solution  and  of  yellow  nitric  acid  in  contact  upon 
a  white  plate. 

The  final  product  of  the  reaction  is  called  choletelin 
(CigHjgNgOe)  by  Maly.  It  is  a  yellowish  brown  amorphous 
body,  soluble  in  water,  acids,  and  alkalies,  and  it  is  stated  by 
Maly  to  be  identical  with  the  urinary  pigment.  Into  hydro- 
bilirubin  it  is  convertible  by  the  action  of  w^ater  and  sodium 
amalgam,  and  this  in  turn  reconvertible  into  choletelin  by 
nitric  acid. 

Choletelin  gives  one  broad  band  extending  from  6  to  a  little 
beyond  F.  Jaffe's  urobilin  also  gives  a  band  at  f.  While 
choletelin  is  the  final  oxidation  product,  urobilin  appears  to 
hold  somewhat  of  an  intermediate  position.  Another  secondary 
product  of  the  oxidation  of  bile  pigment  is  described  by  Stokvis 
as  insoluble  in  ether  and  chloroform,  but  forming  a  rose-red 
solution  in  caustic  soda,  which  gives  a  broad  band  in  the  green 
between  D  and  E ;  but  this  pigment  is  not  found  in  urine  un- 
less in  pathological  conditions. 

2.  Add  to  a  solution  of  the  bile  pigments  in  alcohol,  ether, 
or  chloroform  an  alcoholic  solution  of  bromine  (5  per  cent.) 
or  an  aqueous  solution  of  chloric  or  iodic  acids  (20  per  cent.), 
and  three  stages  of  coloration  will  be  produced — green,  blue, 
and  violet — after  which  a  reddish  yellow  colour  shows  itself, 
and  lastly  the  whole  becomes  colourless. 

The  blue  solution  gives  one  band  in  the  red  when  examined 
with  the  spectroscope  ;  the  violet  solution  two  bands,  one  in 
the  red  and  the  other  in  the  indigo ;  and  the  reddish-yellow 
solution  a  single  band  in  the  blue  (Capranica). 

3.  Add  a  little  sodium  amalgam  to  an  alkaline  solution  of 
bilirubin,  and  heat  gently  or  lay  aside  for  two  or  three  days  ; 
the  colour  will  gradually  disappear.  The  mercury  is  then 
separated  by  decantation,  and  hydrochloric  or  acetic  acid  added 
until  a  precipitate  occurs  in  the  form  of  reddish  brown  flocculi, 
that  are  to  be  separated  by  filtration.     This  body  is  hydrobili- 


THE  BILIARY  PIGMENTS.  215 

rubin  (C^^'H^^Nfi^),  said  to  be  identical  with  Jaffe's  urobilin 
(Stokvis)  and  with  the  colouring  matter,  stercobilin,  of  the 
faeces  (Masius).  According  to  Hoppe  Seyler  a  similar  body 
can  be  prepared  by  acting  on  hsemoglobin  or  hsematin  with 
hydrochloric  acid  and  tin. 

HYDROBILIRUBIN  (Stercobilin)  is  dark  brown  and  amor- 
phous, and  soluble  in  alkalies,  sulphuric  and  acetic  acid,  and 
alcohol,  ether,  and  chloroform.  The  solutions  are  generally 
rosy  red  in  thin  layers ;  but  they  do  not  show  a  play  of  colours 
with  nitric  acid.  Its  acid  solutions  are  said  to  give  an  absorp- 
tion band,  especially  on  the  addition  of  a  little  chloride  of  zinc, 
between  b  and  F,  but  close  to  the  latter. 

Hydrobilirubin  is  occasionally  present  in  bile  and  urine,  but 
is  usually  present  in  faeces,  being  formed  there  probably  by 
the  action  upon  the  bilirubin  of  the  nascent  hydrogen  evolved 
in  butyric  acid  fermentations. 

BILIVERDIN,  CifiHigN^O^  (Maly),  CigH^oN^O^  (Stadeler), 
CgHgNOg  (Thudichum). — This  body  is  abundant  in  the  bile  of 
cold-blooded  animals,  as  well  as  in  that  of  warm-blooded  animals 
who  are  starving. 

An  alkaline  solution  of  bilirubin,  when  exposed  to  the  air, 
becomes  greenish  from  the  formation  of  biliverdin.  The  action 
of  light  alone  has  been  said  to  be  sufficient  to  induce  the  change 
(Capranica). 

Biliverdin  is  prepared  by  making  an  alkaline  solution  of  bilirubin, 
passing  a  current  of  air  through  it  or  exposing  it  to  the  air  for  some 
time  in  a  flat  vessel  until  it  becomes  intensely  green ;  then  precipitate 
with  hydrochloric  acid,  wash  the  deposit  with  water  until  no  chlorine 
reaction  can  be  obtained  in  the  washings ;  finally  dissolve  in  absolute 
alcohol  and  precipitate  with  water. 

Properties. — Biliverdin  forms  a  green  amorphous  powder, 
and  is  insoluble  in  water,  ether,  and  chloroform ;  it  is  very 
soluble  in  alcohol  (particularly  if  freshlj  prepared),  acetic  acid, 
and  alkaline  fluids.  Like  bilirubin  it  gives  a  play  of  colours 
with  nitric  acid,  and  from  it  hydrobilirubin  and  choletelin  can 
be  obtained. 

Relations  among  the  Soluble  Pigments  of  the  Body. — It  is 
supposed  that  the  bile  pigments  are  derived  from  those  of  the 
blood,  and  give  origin  to  the  pigments  of  the  faeces,  from  which 
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come  the  colouring  matters  of  the  urine.  The  order  of  their 
appearance  would,  therefore,  be  somewhat  as  follows  :  haemo- 
globin, hsematin  or  hsematoidin,  bilirubin,  hydro-bilirubin,  and 
urochrome.  As  yet,  however,  the  connection  has  not  been 
clearly  proved. 


CHAPTER   XIII. 

CHOLESTERIN. 

CHOLESTERIN,  (^^^^fi,  is  very  widely  spread  in  the  body, 
and  in  the  seeds  of  plants  it  has  also  been  found.  It  occurs 
largely  in  the  cerebro-spinal  axis  and  in  nerves ;  is  also  present 
in  blood  and  is  possibly  excreted  in  the  bile,  forming  the  chief 
ingredient  of  biliary  calculi.  Its  natural  solvents  in  the  bile 
are  the  soaps  and  biliary  acids.  Cholesterin  is  likewise  found 
in  yolk  of  egg^  in  the  spleen,  in  certain  dropsical  fluids,  pus, 
atheromatous  deposits  and  strumous  cysts,  and  in  many  lipomas, 
goitres,  and  pulmonary  tubercular  deposits. 

Preparation. — 1.  Powder  some  pale  biliary  calculi,  boil  the 
powder  some  hours  with  spirit  to  which  potassic  hydrate  has  been 
added ;  filter  on  cooling,  and  wash  the  crystalline  mass  with  cold 
alcohol  and  then  with  water ;  purify  the  cholesterin  thus  obtained  by 
redissolving  it  in  boiling  ether,  adding  to  this  last  half  its  volume  of 
alcohol,  and  lay  aside  to  evaporate  spontaneously. 

2.  It  can  also  be  readily  obtained  by  extracting  brain  substance. 
The  pieces  of  brain  are  to  be  placed  in  alcohol  for  several  days,  and 
then  to  be  finely  divided  and  digested  in  boiling  alcohol ;  the  hot  ex- 
tract is  next  filtered  through  a  heated  funnel,  and  the  filtrate  allowed 
to  cool.  The  deposit  that  occurs  consists  of  cerebrin  and  protagon  as 
well  as  cholesterin.  This  is  first  washed  with  cold  alcohol,  and  after 
being  dried  with  filtering  paper  is  shaken  with  ether*,  the  ether  distilled 
off,  and  the  residue  heated  for  an  hour  with  an  alcoholic  solution 
of  potaj-sic  hydrate ;  it  is  then  evaporated  to  dryness,  washed  with 
water,  and  dissolved  in  a  mixture  of  ether  and  alcohol,  from  which 
the  cholesterin  is  allowed  to  crystallise  out. 

Properties. —  Cholesterin  has  the  character  of  a  monatomic 
alcohol,  seeming   to  be  the  only  free  alcohol  that  occurs  in 
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the  body.  It  is  a  fatty  substance  insoluble  in  cold  water,  alka- 
lies, dilute  acids,  and  alcohol,  but  soluble  in  a  large  quantity  of 
boiling  water  or  in  boiling  acetic  acid,  glycerin,  or  alcohol ;  also 
readily  so  in  ether  and  chloroform,  benzole,  soaps,  and  the 
biliary  soda  salts. 

It  exists  water-free  or  combined  with  a  molecule  of  water. 
Out  of  benzole,  chloroform  or  anhydrous,  ether  it  crystallises 
without  water,  but  water  holding  crystals  are  deposited  from 
alcohol  in  the  form  of  oblique  rhombic  tables.  From  a  mixture 
of  alcohol  and  ether  it  separates  in  monoclinic  prisms  or  large 
pearly  plates.  The  usual  crystals  are  the  large,  thin,  trans- 
lucent, and  mother-of-pearl-like  rhombic  tables.  The  anhydrous 
silky  needles  are  not  so  common. 


Fig.  17.— Crystals  of  Cholesterix. 


Heated  up  to  350^  in  vacuo  it  sublimes  in  great  part  with- 
out alteration,  and  yields  cholesteric  acid  (CgHj^Og)  when 
boiled  with  nitric  acid ;  when  heated  to  200°  with  such  acids 
as  acetic  and  benzoic  it  forms  compound  ethers,  and  a  resinous 
hydrocarbon  (CggH^g)  appears  when  it  is  boiled  with  strong  sul- 
phuric acid. 

Tests  and  Characteristics. — 1.  Add  a  little  dilute  sulphuric 
acid  to  a  few  crystals,  warm  gently,  and  then  add  a  drop  of 
strong  sulphuric  acid  :  a  deep  red  colour  is  developed.  This  test 
can  be  well  applied  to  a  few  crystals  placed  on  a  slide  and  ex- 
amined under  the  microscope.  Add  to  the  crystals  a  drop  or  two 
of  strong  sulphuric  acid  diluted  with  one-fifth  its  volume  of 
water  ;  after  mixing  with  a  glass  rod  heat  the  slide  gently.  The 
edges  of  the  crystals  will  be  seen  under  the  microscope  to.  have 
become  violet  or  carmine-tinted  (Moleschott). 

2.  When  the  crystals  are  heated  with  moderately  strong 
sulphuric  acid  and  afterwards  with  a  little  iodine,  a  play  of 
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colours  is  produced,  passing  from  violet  through  blue,  green, 
red,  and  yellow  to  brown.  Concentrated  sulphuric  acid  colours 
the  crystals  red,  the  tint  being  changed  to  green  on  the  addi- 
tion of  water. 

3.  Dissolve  some  crystals  in  chloroform,  and  shake  the  solu- 
tion with  an  equal  volume  of  strong  sulphuric  acid  :  a  blood 
red  solution  is  obtained,  which  becomes  blue,  then  green,  and 
finally  yellow.  A  trace  of  water  decolourises  the  solution  at 
once  (Schiff).  The  layer  of  sulphuric  acid  presents  a  well- 
marked  green  fluorescence ;  on  diluting  it  with  glacial  acetic 
acid  a  rosy  and  then  a  purple  liquid  makes  its  appearance,  but 
the  fluorescence  remains  permanent  (Salkowski). 

4.  Heat  some  crystals  gently  with  a  mixture  of  ferric 
chloride  (1)  and  hydrochloric  acid  (2),  and  they  will,  if  pure, 
assume  a  violet  or  bluish  colour. 

5.  Place  a  few  crystals  on  a  small  porcelain  dish,  cover 
them  with  a  drop  of  strong  nitric  acid,  and  evaporate  to  dryness 
at  a  gentle  heat ;  on  touching  the  yellow  residue  before  it  has 
quite  cooled  with  a  drop  of  ammonia  a  deep  red  colour  is  pro- 
duced, which  is  not  altered  by  the  addition  of  a  drop  of  caustic 
potash — thus  differing  from  murexid  (Schiff). 
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BOOK   III. 

THE  TISSUES:    CHEMISTEY    OF   THE    TISSUES, 
OEGANS,   AND  EEMAINING   SECEETIONS. 


CHAPTER    I. 

THE  BLOOD. 

Functions. — 1.  Serves  as  the  great  Ttiedium  of  exchange 
among  all  the  parts  of  the  body. 

2.  Acts  ds  the  great  carrier  of  nutrient  fluid  to  the 
tissues.  The  blood  is  elaborated  from  the  food,  and  serves  as 
the  intermediary  between  it  and  the  fluid  in  which  the  tissues 
and  organs  are  bathed,  and  from  w^hich  they  obtain  their  nutri- 
ment. Waste  is  constantly  going  on,  and  this  waste  material 
is  as  constantly,  during  life,  being  replaced  by  new  material 
supplied  by  the  blood. 

3.  It  is  also  the  great  oxygen-carrier.  In  the  lungs  the 
haemoglobin  fixes  a  certain  amount  of  this  gas^  and  conveys  it 
to  the  interstitial  fluids.  By  means  of  the  oxygen  thus  con- 
veyed oxidations  are  carried  on  in  the  tissues,  by  which  the 
latent  energies  there  present  are  converted  into  heat  and  the 
vital  forces. 

4.  It  further  serves,  like  a  drainage  system,  to  carry  aioay 
the  ivaste  jproducts^  such  as  carbonic  acid  and  the  like,  to 
those  parts  of  the  economy,  as  the  lungs,  kidneys,  &ci,  where 
they  can  be  eliminated  or  prepared  for  elimination. 

Physical  Characters. — Blood  is  an  opaque,  viscid,  red  fluid, 
slightly  alkaline  in  reaction,  saltish  in  taste,  possessing  a  mean 
density  of  1055  and  a  temperature  between  36*5°  and  37*8° 
(97-7°  to  100°  F.) 
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{a)  Its  colour  is  due  to  the  haemoglobin  that  it  contains, 
and  to  the  condition  in  which  this  body  exists,  whether  chiefly 
in  the  state  of  oxyhsemoglobin  or  of  reduced  haemoglobin,  the 
degree  of  colour  also  depending  more  or  less  on  the  proportion 
between  its  coloured  and  pale  corpuscles,  and  on  the  greater 
or  less  concavity  of  the  former.  Arterial  blood  is  of  a  bright 
scarlet ;  venous  blood  of  a  dark  bluish  red  colour ;  arterial 
blood  is  also  monochroic,  while  venous  blood  is  dichroic — that 
is,  red  with  reflected  and  bottle  green  with  transmitted  light. 
The  colour  of  arterial  blood  is  darker  in  advanced  pregnancy 
and  paler  in  chlorosis,  leukaemia,  and  diseases  of  the  spleen. 
Venous  blood  from  ih.Q  kidney  is  lighter  in  colour  than  other 
venous  blood,  and  the  same  may  be  said  of  venous  blood  from 
an  inflamed  organ. 

(6)  The  odour  of  fresh  blood  somewhat  resembles  that  of 
butyric  acid,  and  it  is  readily  evolved  by  treating  the  blood 
with  sulphuric  acid,  being  probably  due  to  some  volatile  body 
of  the  fatty  acid  series. 

(c)  The  density  may  vary  between  1045  and  1075  (or  1050 
to  1059,  Nasse  and  Schmidt),  or  an  average  of  1055,  being 
somewhat  less  in  women  and  children.  The  corpuscles  have 
a  density  of  1088  to  1105  ;  the  plasma,  of  1027  to  1028  ;  and 
the  serum,  of  1026  to  1029,  or  an  average  of  1028. 

(d)  The  temperature  is  due  to  the  oxidation  going  on  in 
the  tissues.  The  temperature  of  the  blood  of  the  hepatic  and 
portal  veins  is  higher  than  that  of  ordinary  venous  blood,  and 
the  blood  of  the  right  ventricle  is  warmer  than  that  of  the 
left. 

(e)  The  alkaline  reaction  is  due  to  the  bicarbonate  of  soda 
and  sodic  phosphate  of  the  plasma.  The  alkalinity  increases 
in  the  serum  after  coagulation,  but  the  fresh  blood  is  more 
alkaline  immediately  after  removal  than  after  a  short  time  has 
elapsed  (Zuntz).  To  shoiu  this  alkaline  reaction  (1)  treat  some 
glazed  violet  litmus  paper  with  strong  sodium  chloride  solution, 
then  touch  it  with  a  drop  of  blood  to  which  a  fresh  drop  of 
the  sodium  chloride  has  been  added,  and  in  a  few  seconds  wipe 
away  the  whole  by  means  of  filter  paper ;  the  litmus  paper  will 
be  seen  to  be  coloured  blue  by  the  blood  (Zuntz).  (2)  Let  a 
drop  of  blood  fall  on  a  thin  slab  of  plaster  of  Paris  w4iich  has 
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been  previously  treated  with  neutral  litmus  solution.  On  wash- 
ing the  drop  aw^ay-^a  blue  stain  remains  behind  (Liebreich). 

Maly  regards  the  ordinary  method  of  titration  of  serum  as 
not  trustworthy,  and  his  experiments  would  tend  to  show  that 
the  serum  has  acid  instead  of  alkaline  properties.  Hinteregger 
has  shown  that  acids  and  acid  salts  di  til  use  more  readily  than 
neutral  salts  ;  therefore  serum  containing  acids  ought  to  yield 
an  acid  diffusate.  This  Maly  has  found  to  be  the  case:  350  c.c. 
of  serum  dialysed  in  distilled  water  yielded  a  diffusate  contain- 
ing sufficient  acid  to  neutralise  212  milligrams  of  soda. 

Quantity  of  the  Blood. — Very  different  estimates  have  been 
given,  but  the  most  reliable  appear  to  be  founded  on  the  data 
of  Welcker  and  Heidenhain,  &c.  ;  according  to  these  the 
blood  forms  7' 7  to  8*3  per  cent,  of  the  body  weight  of  an  adult 
man  ;  that  is,  for  a  man  about  ten  stone  weight,  about  eleven 
pounds  of  blood.  This  corresponds  very  closely  to  Bischoff's 
estimate  of  one-thirteenth  of  the  body  weight.  A  new-born 
child  contains  in  its  body  only  a  proportion  of  5*2  per  cent., 
or  about  one-nineteenth  of  the  body  weight ;  a  dog  about  7*4 
per  cent.,  and  a  rabbit  5'5  per  cent. 

Distribution. — It  may  be  stated  in  general  terms  that  about 
one-fourth  of  the  blood  is  normally  present  in  the  liver  during 
life ;  one-fourth  in  the  muscles  of  the  skeleton ;  one-fourth  in 
the  heart,  lungs,  and  great  vessels,  and  the  remaining  fourth 
in  the  rest  of  the  organs  and  tissues. 

Microscopic  Constituents  of  the  Blood. — These  consist  of  a  series 
of  Uttle  bodies  called  corpuscles,  which  float  in  the  liquor  sanguinis. 
Of  the  corpuscles  there  are  two  chief  varieties,  the  coloured  or  red  and 
the  pale  or  white. 

(a)  The  coloured  corpuscles  vary  in  shape  and  size  throughout  the 
vertebrata  ;  they  are  circular  hollow  discs  in  all  the  mammalia  except 
the  camelidoe,  in  which  they  are  oval,  and  they  are  oval  in  shape  in 
birds,  reptiles,  and  fish.  In  man  they  have  an  average  diameter  of 
^g-yth  to  ^^Vo^^  ^^  ^^  inch.  In  all  the  vertebrates  except  the  mam- 
malia the  corpuscles  are  nucleated,  but  it  should  be  mentioned  that  a 
body  resembling  a  nucleus  is  said  to  be  brought  into  view,  even  in  a 
mammal's  red  corpuscle,  by  a  special  treatment  (Bottcher).  These 
coloured  corpuscles  consist  of  a  pale  translucent  white  protoplasmic 
substance,  the  stroma,  which  is  everywhere  permeated  by  the  red 
colouring  substance  of  the  blood,  the  haemoglobin.    No  separable  cell- 
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wall  is  present,  although  somethiug  of  the  kind  has  been  described  in 
the  red  corpuscles  of  reptiles,  and  even  of  mammalia  (Ranvier, 
Kutherford). 

Some  small  granular  coloured  corpuscles  have  also  been  mentioned 
as  existing  in  the  blood ;  to  these  Hayem  has  given  the  name  of 
hcmnatohlasts. 

(h)  Of  the  pale  corjyuscles  there  are  different  varieties.  Thoy  are 
nucleated  masses  of  protoplasm  devoid  of  cell  membranes  and  con- 
taining fine  or  coarse  granules ;  they  possess  the  power  of  amoeboid 
movement,  and  can  take  substances  into  their  interior.  Intermediate 
forms  also  exist ;  and  Ranvier  describes  two  forms  of  free  granula- 
tions, the  one  rounded  and  the  other  angular. 


^    ®  ® 
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T3te             ^ 
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Fig.  18,— Blood  CoiirrscLES. 

(a  to/  human,  g  to  I  frog,  and  m  pigeon.) 

a,  red  or  coloured  human  corpuscles  seen  on  the  flat ;  h,  a  rouleau  of  human  corpuscles 
seen  on  the  flat ;  «,  a  red  corpuscle  seen  in  profile  ;  rf,  a  crenated  red  corpuscle  ;  e, 
pale  corpuscles,  one  of  which  is  coarsely  and  the  other  finely  granular;  /,  free 
granulations  ;  g,  red  corpuscles  of  frog  ;  /«,  red  corpuscle  of  frog  seen  in  profile ; 
i,  dead  pale  corpuscle ;  k,  resting  pale  corpuscle  ;  Z,  pale  corpuscle  in  a  state  of 
activity,  exhibiting  amoeboid  movement ;  m,  red  corpuscles  of  pigeon. 

As  a  mean  there  is  about  one  pale  corpuscle  to  340  red ;  but  the 
pale  corpuscles  are  increased  by  food,  and  the  proportion  varies  ac- 
cording to  the  region  whence  the  blood  is  derived  :  thus  in  the  splenic 
vein  there  is  1  to  60  red,  in  the  hepatic  vein  1  to  170,  in  the  portal 
vein  1  to  740,  and  in  the  aorta  1  to  2260. 

Chemical  Composition. — Normal  blood  left  to  itself  for  twenty- 
four  hours  gives  the  following  percentages  : — 

(^.  .   .      ( serum  =  44-52-5 

(Liquor  sanguinis    |^^^;^ 

'"   |corpuscles  ciot  =  47-5-r>C  j"°'''*^';^2'°f' «^ 

'  ]  interstitial  serum 

(         =12-5-20 

The  chemical  composition  varies  somewhat  in  different 
animals,  and  even  in  th'^  same  animal  there  are  sensible  dif- 
ferences not  only  according  to  the  region  whence  the  blood  is 
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taken,  but  also  according  to  the  physiological  or  pathological 
condition  of  the  animal  at  the  time. 


Analysis— Blood  of  Adult  Male  (get.  25).     (C. 

Schmidt.) 

Per  cent.                                                        Per  cent 

Plasma .... 

.o.fiq'^^te'^      -         •         •         •     43-90 
•     ^^^^Uolids      ....       4-79 

Moist  corpuscles   . 

1  water     ....     3497 
^^'^   Uolids     ....     16-34 

Corpuscles                                         Plasma 
Per  cent.                                      Per  cent. 

Water 

.     68-16                                      90-15 

Solids 

.     31-84                                        9-85 

Globulin,  &c.  . 
Hasmatin 

.    29-60    fj^"^!"^ 
,  ^^    Albumins 

Extracti\ 

3 

ites 
'es 

•   8-19 

(or  Hifimoglobin  =  31-1 1)                      Fibrin 

0-81 

Ash          .         .         . 

.       0-73 

0-85 

Potassic  chloride 

.       0-367 

0036 

Sodic 

— 

0-55 

Potassic  phosphate 

.       0-234 

— 

Sodic 

.       0063 

0027 

Soda    . 

.       0013 

•     0-15 

Potassic  sulphate 

.       0013 

0-028 

Calcic  and  magnesic 

phos- 

phate 

.       0015 

0-053 

Plasma    . 
Moist  corpuscles 


60-38 
39-62 


The  amount  of  corpuscles  in  this  analysis  appears  very 
high ;  in  another  analysis  of  the  blood  of  a  woman,  aged  30, 
Schmidt  obtained  the  proportions  : — 

Other  chemists  have  given  the  mean  of  the 
plasma  to  the  corpuscles  as :  plasma,  Qo- 
67  per  cent. ;  corpuscles,  33-35  per  cent. 

The  ash  of  the  serum  as  compared  with  that  of  the  corpus- 
cles is  rich  in  soda  salts  and  chlorine,  but  poor  in  phosphates 
and  sulphates.  It  is  possible,  it  may  be  remarked,  that  in  the 
process  of  calcination  the  sulphuric  and  phosphoric  acids  are  in- 
creased at  the  expense  of  the  carbonic  acid  that  is  expelled,  the 
chlorine  at  the  same  time  diminishing  sensibly.  Analyses,  at  any 
rate,  make  the  proportion  of  phosphoric  acid  in  the  corpuscles 
to  that  in  the  plasma  as  =  0*1 13  per  cent,  to  0-019  per  cent. ; 
and  of  the  potash  in  the  corpuscles  to  that  in  the  plasma  as 
=  0*332  per  cent,  to  0*032  per  cent.  On  the  other  hand,  in 
the  plasma  the  proportion  of  soda  and  chlorine  is  about  three 
times  as  great  as  in  the  corpuscles  ;  and  there  is  also  in  the 
plasma  an  excess  of  the  earthy  phosphates. 
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Subjoined  is  the  mean  comjposition  of  the  blood  as  given 
by  Becquerel  and  Eodier  : — 


Per  cent. 

Water . 

7816 

Dry  corpuscles 

13-50 

Albuminoids 

7-00 

Fibrin 

0-25 

Fats 

017 

Extractives 

0-84 

Earthy  phosphates        .... 

0-03 

Iron 

0-05 

The  ash  of  human  blood  is  tiiiis  given  by  Jarisch  in  the  100 
parts  : — 

Chlorine 30*74 

Potash 26-.o5 

Soda 2tll 

Phosphoric  acid     ......  8'82 

,  Sulphuric      „         .         .         .         .         .         .  7"ll 

Oxide  of  iron 8-16 

Lime  and  magnesia       .....  1-33 

1.  As  to  water,  the  blood  of  the  hepatic  vein  contains  less  than 
that  of  the  portal  vein.  Fasting  from  solids  and  liquids  causes  the 
quantity  to  diminish;  abstinence  from  solids  alone  increases  it  at 
first,  but  then  causes  it  to  sink. 

2.  Fats  are  present  in  an  average  proportion  of  0*2  per  cent.,  and 
consist  of  palmitin,  stearin,  olein,  and  phosphorised  fats  analogous  to 
those  in  the  brain.  They  are  especially  abundant  after  food,  and  may 
thus  rise  to  0*4  to  0'6  per  cent.,  and  are  richer  in  portal  than  in 
hepatic  blood,  and  also  in  the  blood  of  females  than  of  males.  Alkali 
soaps  of  the  above  fats  are  also  found  in  the  blood. 

3.  Extractives. — Under  this  head  are  included  all  the  organic  con- 
stituents with  the  exception  of  the  albumins  and  fats. 

Cholesterin  exists  in  the  corpuscles  as  well  as  in  the  serum ;  it 
varies  from  002  to  0"03  per  cent.,  and  is  said  to  increase  in  old  age. 

Lecithin  is  probably  a  derivative  of  the  destroyed  corpuscles. 

^rea^m= 0*1 08  to  0  055  per  cent,  in  the  blood  of  the  ox.  Urea 
forms  0*02  per  cent,  of  the  total  blood  (0-0192  per  cent,  in  blood  of 
dog — WuRTz) ;  it  is  richer  in  placental  blood. 

A  ptyalin-like  ferment  has  been  separated  ;  also  a  sacchai'ine  body 
of  the  nature  of  grape  sugar,  forming  about  0  05  per  cent,  of  the  total 
blood  (0-04  to  0'07  per  cent. — Pavy,  Dupre),  but  disappearing  very 
rapidly  after  death  unless  the  corpse  is  maintained  at  a  temperature 
below  0°.  While  the  portal  blood  contains  little  or  no  sugar,  that  of 
the  hepatic  vein  contains  from  ^  to  1    per  cent,  of  sugar  in  the  dry 
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residue.  There  is  much  difference  of  opinion  as  to  the  amount  of 
sugar  :  being,  accordipg  to  some,  most  abundant  in  the  hepatic  vein, 
and  then  gradually  disappearing,  but  more  in  arterial  than  in  venous 
blood  (Bernard)  ;  while,  according  to  others,  there  is  no  constant 
difference  in  the  amount  of  sugar  in  arterial  and  venous  blood  (Pavy, 
Abeles). 


Carotid. 
Per  cent. 

Juerular  vein. 
Per  cent. 

Right  ventricle. 
Per  cent. 

AccordiDg  to  Bernard  . 

.     Oil  to  0-15 

006  to  012 

— 

„            Mering      . 

.     017  „  013 

0-U  „  0-15 

— 

„           Abeles 

0049 

— 

0054 

Lactic  acid  J  xanthin,  hypoxanthin,  alcohol,  and  indican  are  all  de- 
scribed as  present ;  also  a  yellow  'pigment,  probably  an  oxidation  pro- 
duct of  hsemoglobin,  or  hydrobilirubin  according  to  Maly. 

4.  Inorganic  Salts. — A  mean  of  09  per  cent,  to  the  21  per  cent,  of 
solids ;  more  abundant  in  hepatic  venous  blood  than  in  portal  blood, 
and  richer  in  the  latter  than  in  the  serum  of  the  blood  of  the  jugular. 
Sodic  chloride  forms  about  \  per  cent,  of  normal  serum ;  sodic  carbo- 
nate and  sulphate  are  also  present  in  small  proportion;  the  sodic 
phosphate  probably  exists  as  Na2HP04,  and  the  traces  of  magnesic 
and  calcic  phosphates  as  Mg32P04  and  Ca32P04  (?)  respectively. 

The  arrangement  of  bases  and  acids  given  in  blood  analyses,  it 
should  be  remembered,  is  artificial  and  approximative,  and  cannot  be 
said  to  be  really  a  correct  representation  of  the  condition  in  which 
these  bodies  are  present  in  the  blood.  Both  phosphates  and  sulphates, 
for  example,  are  no  doubt  derived  in  great  part  from  the  oxidation  of 
the  lecithin  and  proteids,  &c. ;  the  iron  from  the  haemoglobin ;  and 
the  earthy  phosphates  in  jiart  from  the  fibrin  and  albumin,  being  set 
free  by  these  bodies  when  they  coagulate. 

The  Corpuscles. — These  bodies  constitute  from  one-third  to 
a  little  less  than  one-half  the  whole  blood.  The  blood  of  birds 
is  richest  in  corpuscles,  but  not  so  rich  in  haemoglobin  as  the 
corpuscles  of  human  blood,  which  is  richer  in  corpuscles  than 
the  blood  of  any  other  mammal.  The  red  corpuscles,  as  we 
have  seen,  are  made  up  of  a  colourless  stroma,  consisting  of 
globin  or  a  globulin-like  body  or  bodies,  which  must  not  be 
confounded  with  the  paraglobulin  of  the  serum,  although  the 
latter  may  be  derived  from  it.  This  globin  is  impregnated  with 
haemoglobin,  and  contains  in  addition  traces  of  other  bodies. 
The  moist  corpuscles  of  human  blood  contain  about  35  per  cent, 
dry  solids.  The  dried  organic  matter,  according  to  Judell,  con- 
sists in  the  100  parts  of — • 

Q 
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Haemoglobin 

.     86-79  to  94-30 

Albuminous  bodies  and  nuclein 

.       5-10  „  12-24 

Lecithin 

.       0-35  „     0-72 

Cholesterin 

—           0-25 

There  are  also  present  alkaline  chlorides  and  phosphates,  a 
little  fat,  and  traces  of  manganese  and  of  a  diastatic  ferment. 
Nucleated  corpuscles  are  said  to  be  richer  in  albumin,  choles- 
terin, and  lecithin ;  and  in  their  nuclei  a  body  named  nuclein 
(Plosz)  has  been  described  as  present.  This  nuclein  resembles 
mucin,  but  differs  from  it  in  containing  phosphorus.  The 
average  of  iron  in  the  blood  is  said  to  be  0*054  per  cent. 
(Pelouze),  and  in  the  dry  corpuscles  0*43  per  cent.  (BoussiN- 
gault). 

The  coTYipositioii  of  the  pale  corpuscles  can  only  be  arrived 
at  indirectly.  They  consist  of  several  albuminous  bodies,  fat, 
lecithin,  glycogen,  and  other  extractives,  together  with  potash 
phosphates,  &c. 

The  Plasma,  at  a  temperature  below  0°,  is  a  viscid,  greenish 
yellow  or  yellowish  fluid,  strongly  alkaline  in  reaction,  and 
separating  into  fibrin  and  serum  if  the  temperature  is  only  a 
little  raised  above  0°,  The  generators  of  this  fibrin,  according 
to  Schmidt,  are  fibrinoplastin  (paraglobulin),  fibrinogen,  and  a 
special  ferment.  Of  these  only  the  fibrinogen  is  said  to  be 
preformed,  the  fibrinoplastin  and  the  ferment  resulting  from 
the  rapid  destruction  of  the  pale  corpuscles.  In  men  the 
amount  of  fibrin  that  can  be  separated  forms  a  mean  of  about 
0*2  per  cent,  of  the  total  blood ;  but  arterial  yields  more  than 
venous,  and  the  blood  of  the  jugular  vein  more  than  that  of 
the  portal.  Its  quantity  is  increased  by  animal  to  a  greater 
extent  than  by  vegetable  food ;  it  also  increases  in  pregnancy. 

The  Serum  is  a  transparent  yellowish  or  greenish  yellow 
fluid,  alkaline,  slightly  viscid,  ?nd  consisting  of  water  about  90 
per  cent.,  holding  in  solution  8  to  10  per  cent,  of  proteids  and 
1  to  2  per  cent,  of  fats,  extractives,  and  salts.  Arterial  serum 
contains  more  water  than  venous  serum,  and  the  water  increases 
in  old  age  (Simon). 

Three  albumins  are  described  as  present — serum  albumin 
(serine),  paraglobulin  (fibrinoplastin),  and  alkali  albuminate 
(serum  casein).     Hammarsten  gives  the  total  albumin  as  equal 
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to  7*62  per  cent.,  of  which  serum  albumin  forms  4*51  and 
serum  globulin  3*10,  the  globulin  therefore  bearing  the  pro- 
portion to  the  serine  of  1  :  1*51.  Weyl  considers  that  there 
is  only  one  globulin  in  serum,  serum  globulin^  fibrin  and 
fibrinoplastin  being  merely  this  body  mixed  with  some  fibrin 
ferment. 

The  ser-albumin  is  soluble  in  water,  and  is  precipitated  by 
boiling,  coagulating  at  about  71°  in  presence  of  a  little  acetic 
acid. 

The  paraglobulin  possibly  comes  from  the  coloured  cor- 
puscles (Kuhne)  and  is  precipitated  by  a  current  of  carbonic 
acid  gas  passed  through  the  serum  diluted  with  ten  times  its 
volume  of  water. 

The  alkali  albumin  is  thrown  down  by  the  addition  of 
acetic  acid  to  the  filtrate  after  the  separation  of  the  paraglo- 
bulin. 

Traces  of  peptones  are  also  occasionally  met  with. 

The  Gases  of  the  Blood. — In  the  following  table  is  given 
the  average  of  a  series  of  experiments  (Schoffer,  Preyer, 
Pflijger,  Sczelkow,  &c.)  with  the  blood  of  dogs  and  sheep, 
the  results  being  calculated  in  percentages  at  0°  and  760  mm. 

I.  Arterial  Blood. 

Total  volume  of  gas  disengaged  in  vacuo  =  49  per  cent. 
Nitrogen    .         .         .         .  =     2*47 
Oxj'gen       .         .         .         .  =  15*65 
Free  carbonic  acid  =  30-88^ 
Carbonic  acid  dis- 
engaged by  the  \-  =  34-00 
action  of   acids 
in  vacuo     .         .=   3-12'' 

Making  a  total       .         .         .  =  55-12  per  cent. 

II.  Venous  Blood. 

Total  volume  of  gas  disengaged  in  vacuo  =  50-74  per  cent. 
Nitrogen    ....  -     1-38 
Oxygen       .         .         .         .  -     9-36 
Free  carbonic  acid  =  40- 00 ^ 
Carbonic  acid  dis- 
engaged by  the  )-  -  4615 
action  of   acids 
in  vacuo     .         .=   615/ 

Making  a  total       .        .        .  =  5689  per  cent. 

Q  2 
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The  average  in  human  blood  at  0°  and  760  mm.  may  be  thus 
stated  (Foster)  : — 

Oxygen  Carbonic  acid  Nitrogen 

Arterial  blood  .  20  per  cent.       39  per  cent.       1  to  2  per  cent. 

Venous      „      .        8  to  12        „  46        „  1  „  2 

Or  at  0°  and  1,000  mm.  (according  to  the  German  method) — 


Oxygen 

Carbonic  acid 

Arterial  blood 

16  per  cent. 

30  per  cent. 

Venous      „ 

.        6  to  10 

3a          „ 

Thus  arterial  blood  contains  on  an  average  about  .7  per  cent,  more 
oxygen  and  6  per  cent,  less  carbonic  acid  gas  than  venous  blood. 

The  amount  of  oxygen  varies  according  to  the  number  of  coloured 
corpuscles— that  is,  to  the  quantity  of  haemoglobin — in  the  blood, 
and  depends  greatly  on  the  region  of  the  body  from  which  it  is 
taken :  for  example,  in  the  carotid  artery  the  oxygen  is  pi-esent  in 
the  proportion  of  21  per  cent.;  in  the  renal  artery,  19  per  cent.;  in 
the  renal  vein,  when  the  kidney  is  active,  17  per  cent.,  and  when 
in  a  state  of  rest,  6  per  cent. ;  in  the  splenic  artery,  14  per  cent. ;  in 
the  splenic  vein,  when  the  spleen  is  active,  11  per  cent.,  and  when 
at  rest,  4  per  cent. ;  the  blood  of  the  femoral  artery  also,  when  com- 
pared with  that  of  the  carotid,  contains  much  less  oxygen.  Fur- 
ther, the  state  of  the  health  and  the  character  of  the  food  appear  to 
affect  the  amount  and  character  of  the  gas  considerably. 

The  oxygen  is  combined  with  the  hcemoglohiji,  with  the  exception 
of  a  slight  trace  that  is  in  a  state  of  solution  ;  accordingly  corpuscle- 
holding  serum  absorbs  5  times  as  much  oxygen  as  ordinary  serum. 
100  grams  of  haemoglobin  crystals  dried  between  folds  of  blotting-paper 
yield  41-3  c.c.  oxygen;  and  after  having  being  dried  m  vacuo  at  0°, 
31  "2  c.c.  100  grams  of  dried  and  deoxidised  htemoglobin  removes 
from  water,  saturated  with  oxygen  between  0°  and  20°,  133  c.c. 
oxygen  at  0°  and  1,000  mm.  pressure  (Preyer)— that  is,  1  gram  can 
combine  with  about  1*3  c.c.  of  oxygen.  The  combination,  however ^  is 
so  loose  that  the  haemoglobin  easily  parts  with  its  oxygen  to  bodies 
possessing  a  gi^eater  affinity  for  it  than  the  hasmoglobin  itself;  it  can 
therefore  be  completely  extracted  i7i  vacuo  or  by  placing  the  blood 
in  an  atmosphere  of  carbonic  oxide. 

As  to  the  carbonic  acid  gas,  a  varying  but  presumably  a  small 
proportion  is  in  a  state  of  solution,  while  the  rest  is  in  loose  combina- 
tion, associated  probably  with  some  salt  or  salts  in  the  serum,  the 
condition  of  the  combination  appearing  to  be  determined  in  some 
way  by  the  action  of  a  constituent  of  the  corpuscles.  The  serum  of 
dog's  blood  contains  about  35*2  per  cent,  carbonic  anhydride,  2*24 
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N 
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per  cent,  nitrogen,  and  0'26  per  cent,  oxygen  (Pfluger.)  With  what 
salt  exactly  the  carbonic  acid  is  combined  is  doubtful — whether  with 
soda  as  bicarbonate,  or  with  sodic  phosphate,  &c. ;  some  authorities 
even  being  of  opinion  that  a  portion  of  the  gas  is  combined  with  the 
corpuscles,  and  the  rest  partly  in  a  state  of  combination  and  partly  in 
a  state  of  solution  in  the  plasma. 

The  degree  of  pressure  has  a  considerable  effect  on  the  amount  of 
gas  present  in  the  blood,  particularly  the  quantity  of  oxygen,  as  a 
reduction  of  the- pressure  to  half  an  atmosphere  is  said  to  reduce  the 
oxygen  to  half  its  normal  amount. 

According  to  Bert  the  proportion  of  the  gases  in  the  arterial  blood 
of  a  dog  is — 

At  1  atn:osphere  . 
„  5  atmospheres 
„  10 

Changes  in  the  Blood  Gases  in  Respiration, — 1.  The 
blood  in  passing  through  the  lungs  takes  up  8  to  12  vols,  per 
cent,  of  oxygen  ;  its  reduced  haemoglobin  is  thus  in  great  part 
converted  into  oxyhsemoglobin.  This  excess  of  oxygen  in  the 
arterial  blood  is  given  up  to  the  interstitial  fluids  of  the  body, 
in  which  the  oxygen  tension  is  very  low.  How  much  oxygen 
is  present  in  the  residual  air  filling  the  air  cells  of  the  lungs 
it  would  be  difficult  to  say,  but  we  may  safely  assume  that  it 
does  not  fall  below  10  per  cent.  The  tension  of  oxygen  in  the 
arterial  blood  is  about  4  per  cent,  and  in  the  venous  about 
3  per  cent,  (in  the  arterial  blood  of  the  dog  its  average  is  3-9 
per  cent.,  and  in  the  venous  2*9  per  cent.),  and  therefore  the 
difference  in  tension  will  be  sufficient  to  lead  to  a  rapid  inter- 
change or  equalisation  of  tension. 

2.  The  blood  having  become  charged  with  carbonic  acid  by 
its  interchanges  with  the  interstitial  fluid  of  the  tissues,  in 
which  the  carbonic  acid  is  in  a  high  state  of  tension,  parts 
with  its  excess  of  carbonic  acid  at  the  lungs.  Whether  this 
separation  is  more  than  a  simple  case  of  diffusion  it  is  difficult 
to  say,  but  the  tension  of  the  carbonic  acid  in  the  venous  blood 
is  much  higher  (5*4  per  cent,  in  the  dog)  than  that  of  the 
carbonic  acid  in  the  residual  air. 

Some  assume  the  occurrence  of  a  temporary  increase  of  car- 
bonic acid  tension  in  the  lung,  resulting  from  the  action  of 
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the   corpuscles,  the  pulmonary   epithelium  even  having  been 
assumed  to  possess  an  eliminating  function. 

Hoiv  the  Constitution  of  the  Blood  is  affected. — The  con- 
stitution and  characters  of  the  blood  are  modified  considerably 
according  to  circumstances.  Normal  influences  alone  will  here 
be  considered. 


I.  (a)  Difference  hetweeti  Arterial  and  Vefiom  Blood  (Gorup  Besanez). 

Physical  characters  and 
chemical  constituents 

Arterial  blood 

Venous  blood 

Temperature 

about  1°  higher 

lower 

Colour  . 

brighter,  and  not  dichroic 

darker  and  dichroic 

Gases    . 

relatively  more  oxygen 

relatively  more   carbonic 
acid 

Water  . 

more 

less 

Fibrin  . 

M 

Haemoglobin 

less 

more 

Albumin 

no  constant  difference 

Fats      . 

))                  n 

Extractives  . 

more 

less 

Urea     . 

less 

more 

Halts     . 

more 

less 

Sugar   . 

)> 

" 

Although  arterial  blood  has  proportionally  fewer  corpuscles  than 
venous  blood,  yet  those  of  arterial  blood  are  said  to  be  richer  in 
colouring  matters  and  salts,  but  poorer  in  fatty  matters  than  the 
corpuscles  of  venous  blood  (Lehmann). 


(j8)  ChuracteHstics  of  Portal  and  Hepatic 

Blood  (C.  Schmidt). 

Constituents 

Portal  blood 

Blood  of  hepatic  vein 

Water  . 

more 

less 

Plasma 

,, 

»> 

Salts     . 

,, 

>» 

Fats      . 

,, 

'» 

Moist  corpuscles  . 

less 

more 

Extractives  . 

?> 

»                                  • 

Fibrin  . 

present 

absent 

Sugar    . 

absent,  or  only  in  traces 

abundant  (only  in  traces 

— Pavy) 

According  to  Drosdoff  in  portal  blood  there  is  more  haemoglobin 
and  sodic  phospate  and  leas  cholesterin  and  lecithin  than  in  hepatic 
blood ;  further,  in  the  portal  blood  the  proportion  of  the  corpuscles  to 
the  plasma  is  57-60  per  cent,  to  40-43  per  cent.,  while  in  the 
hepatic  venous  blood  the  corpuscles  form  74  to  77  per  cent,  and  the 
plasma  23  to  26  per  cent. 
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Blood  of  the  portal  vein  coagulates  more  rapidly  than  that  of  the 
right  ventricle,  and  its  serum  is  reddish ;  it  contains  more  water  and 
serum  albumin,  an^  is  also  more  charged  with  fatty  bodies,  ex- 
tractives, and  salts  than  the  hlood  of  the  jugular  vein. 

(y)  Splenic  Venous  aiul  Placental  Blood. — Th'e  sjylenic  venous 
hlood  contains  more  water  and  fibrin  than  venous  blood  generally ; 
its  red  corpuscles  are  diminished  and  its  pale  corpuscles  increased, 
and  it  is  comparatively  rich  in  cholesterin.  The  hlood  of  the  foetal 
placenta  is  poor -in  fibrin  and  albumin,  rich  in  albuminates,  and  while 
containing  less  solids  than  the  maternal  blood  it  is  richer  in  urea. 


II.  Injiuence  of  Sex  and  Age. 
(o)  Human  Blood  (Becquerel  and  Eodier). 


Constituents 

Men 

Women 

Water . 

77-90 

79-10 

Solids 

22-10 

20-90 

Fibrin 

0-22 

0-22 

Haemoglobin 

13-45 

1217 

Albumins 

7-60 

7-60 

Cholesterin,  lecithin,  and  fats        .... 

0-16 

0-16 

Extractives  and  salts 

0  68 

0-74 

()8)  Human  Blood  (GoRUP  Besanez). 


Constituents 

Men 

Women 

Children 

Old  age 

Water 

less 

more 

less 

more 

Fibrin 





5) 

)j 

Corpuscles  . 

more 

less 

more 

less 

Albumins    . 

less 

more 

>> 

jj 

Fats    .... 

,^ 

)» 

__ 

Extractives 

,, 

more 

less 

Salts  .... 

" 

" 

less 

more 

The  solids  in  the  blood  of  a  new-born  child  are  nearly  twice  as 
great  as  those  of  an  adult's  blood,  but  in  adults  the  ash  is  more 
abundant  than  in  young  animals. 

(y)  In  pregnancy  the  water  is  increased  and  the  corpuscles 
diminished;  at  the  period  of  parturition  there  is  only  about  11 '3  per 
cent,  corpuscles  instead  of  13"5  per  cent.;  after  parturition  the 
corpuscles  increase.  During  pregnancy  the  fibrin  is  increased,  espe- 
cially in  the  three  last  months  (0-35  to  0*48  per  cent.) ;  the  albumins 
are  slightly  diminished,  and  the  fats  and  phosphorised  bodies  in- 
creased. 
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III.  Influence  of  Food  (Gonvp  Besanez). 

Constituents 

During 
digestion 

Continued 
hunger 

Flesh  diet 

• 

Vegetable 
diet 

Diet  rich 
in  fat 

Bread 
diet 

Diet  rich 
in  salts 

Water  . 
Fibrin  .        . 

Coloured  cor- 
puscles 

Pale  corpus- 
cles 

Albumins     . 

Extractives  . 

Fats      . 
Salts     . 

diminisW; 
slightly  fS-^ 

creased 
increased 

» 

increased 
diminished 

increased 

diminished 
increased 

increased 
increased 

increased 
diminished 

increased 
diminished 

increased 
diminished 

increased 

sugar  in- 
creased 

increased 

As  to  the  hcemoglohin,  in  dogs  fed  with  a  ricli  nitrogenous  flesh 
diet  the  mean  of  haemoglobin  =  13'75  per  cent.;  in  dogs  fed  with  a 
non-nitrogenous  diet  the  mean  of  haemoglobin  =  9*5  per  cent. ;  and 
in  dogs  fed  with  bread  the  mean  of  haemoglobin  =  9*4  to  10"3  per 
cent.  An  increase  in  the  haemoglobin  has  also  been  noticed  in 
hiiman  blood  with  an  improved  dietary  (Leichtenstern). 

During  digestion  the  constitution  of  the  blood  changes  sensibly. 
Under  alimentation  the  number  of  pale  corpuscles  increases  greatly, 
and  from  1  pale  corpuscle  to  1,500  red  the  proportion  may  rise  to 
1  to  300  or  500. 

After  much  fat  has  been  absorbed  the  serum  of  the  blood  may 
become  milky.  With  abundant  food  of  good  quality  the  blood  is 
generally  enriched  in  solids;  an  animal  diet  diminishing  its  water 
and  increasing  its  fibrin,  extractives,  and  salts,  particularly  its 
phosphates  and  potash ;  a  vegetable  diet  increasing  its  water,  serine, 
fats,  and  sugar,  but  diminishing  its  fibrin,  extractives,  and  salts, 
causing  a  predominance,  however,  in  the  salts  of  lime  and  magnesia. 
Insufficient  food  impoverishes  the  solids  as  well  as  the  total  mass  of 
the  blood.  A  deficiency  of  common  salt  causes  the  haemoglobin  to 
extra vasate  into  the  serum,  and  renders  it  less  able  to  absorb  oxygen 
(Poggiale).  When  taken  in  excess  it  tends  to  accumulate  in  the 
blood. 
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CHAPTER   II. 

HEMOGLOBIN, 


H-SlMOGrlOBIN  (H8eiiiato-glol)iilm,H8ematocrystallin,Criiorin, 

Erythrocruorin).— This  is  the  crystalline  indiffusible  substance 
which  forms  the  bulk  of  the  solids  of  the  coloured  corpuscles. 
It  possesses  a  very  complex  constitution,  and  its  percentage 
composition  (in  the  horse)  is — 


C  =  53-85-54-87 
H  =     7-32-6-97 
Fe  =     0-43- 0-47 


N  =  1617-17-31 
O  =  21-84-19-73 
S  =     0-39-0-65 


Preyer  has  assigned  this  formula  to  it :  CgQoHggQNjg^FeSaOj^g. 
Assuming  that  one  molecule  of  haemoglobin  unites  with  one 
molecule  of  oxygen,  the  molecular  weight  of  haemoglobin 
would  be  14,133,  which  would  agree  well  with  Hufner's  formula, 

Preparation. — The  haemoglobin  can  be  separated  from  the  cor- 
puscles by  any  means  tending  to  their  dissolution,  as  addition  of 
water  to  the  blood,  the  passage  through  it  first  of  a  current  of  oxygen 
and  then  of  carbonic  acid,  freezing  and  subsequent  thawing  several 
times  repeated,  electrical  discharges,  agitation  of  the  blood  with  ether, 
and  the  addition  to  the  blood  of  certain  salts  or  of  crystallised  bile. 
By  any  of  these  processes  the  blood  is  rendered  transparent  or  laky. 

Haemoglobin  crystals  are  obtained  with  difficulty  froip  human 
blood,  but  more  readily  from  that  of  the  guinea  pig,  dog,  or  rat. 
Different  methods  are  given,  many  of  which  the  author  has  found 
effective,  some  more  so,  however,  than  others;  but,  as  much  depends 
on  circumstances,  one  method  being  more  convenient  at  one  time  than 
another,  several  processes  will  be  detailed.  With  the  blood  of  rats, 
guinea  pigs,  and  dogs  there  is  generally  no  difficulty,  and  in  the 
winter  season  the  crystals  are  obtained  more  readily  than  in  summer. 

To  Ohta.in  the  Crystals  in  Small  Amount. — 1.  Defibrinate  some 
guinea  pig's  blood  ;  {a)  add  to  one-third  of  the  defibrinated  blood  a  few 
drops  of  ether,  shake  well,  and  lay  aside  in  a  freezing  mixture.;  (h) 
mix  another  third  with  one-third  its  volume  of  water,  add  a  few  drops 
of  chloroform,  shake  vigorously  for  a  minute  or  two,  then  place  a 
drop  upon  a  slide  and  expose  to  the  air  some  time  before  covering ;  (c) 
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place  the  remaining  third  in  a  thin  porcelain  or  platinum  capsule, 
mix  it  with  an  equal  volume  of  cold  water,  then  add  to  the  mixture 
one-quarter  its  volume  of  alcohol,  and  immerse  the  capsule  in  a 
freezing  mixture.  After  24  hours  the  crystals  are  collected  on  a 
filter,  redissolved  in  as  little  water  as  possible  at  25°  or  30°,  alcohol 
added  to  the  solution,  and  the  whole  transferred  to  a  freezing  mixture, 
when  crystallisation  will  soon  occur.  By  proceeding  in  this  way 
with  moderate  care  crystals  will  easily  be  obtained. 

2.  Kill  a  white  rat  or  mouse  by  inhalation  of  ether,  place  a  drop 
of  the  blood,  particularly  that  of  the  splenic  vein,  on  a  slide,  and  after 
having  exposed  it  to  the  air  for  a  few  seconds  mix  it  with  a  couple  of 
drops  of  water ;  allow  it  to  evaporate  for  a  few  minutes,  breathing 
several  times  upon  it,  and  then  apply  a  cover  glass  :  crystals  will  soon 
appear.  Still  larger  and  better  crystals  will  make  their  appearance  if 
the  cover  glass  is  surrounded  with  a  strong  solution  of  pyrogallic 
acid  and  laid  aside  for  four  or  five  hours. 

A  larger  crop  of  crystals  will  be  obtained  by  treating  the  rat's 
blood  as  in  1  c. 

3.  Large  crystals  can  be  obtained  for  microscopic  examination  by 
enclosing  in  capillary  tubes  some  defibrinated  dog's  blood  that  has 
been  exposed  to  the  air,  laying  these  tubes  aside  several  days  at  about 
37°,  and  then  allowing  evaporation  of  their  contents  to  take  place  on 
slides  (Gscheidlen). 

On  a  larger  scale  the  haemoglobin  can  be  obtained  by  one  of  the 
methods  that  follow  : — 1.  500  c.c.  defibrinated  dog's  blood  are  shaken 
some  minutes  with  31  c.c.  of  ether,  and  then  set  aside  in  a  cool  place, 
or  better  in  ice.  After  two  or  three  days  a  mass  of  crystals  will  have 
formed,  which  are  best  separated  by  the  use  of  a  centrifugal  machine. 
They  are  next  treated  in  a  flask  with  dilute  spirit.  After  the  flask 
has  stood  for  Fome  hours  the  blood  will  have  solidified,  and  red 
crystalline  needles  will  easily  be  seen  by  examining  a  little  of  the  red 
mass  under  the  microscope  (Kuiine). 

In  the  absence  of  a  centrifugal  machine  the  crystalline  mass  can 
be  spread  out  on  a  piece  of  porous  earthenware,  and  placed  under  the 
exhausted  receiver  of  an  air  pump.  Digest  the  mass  now  in  luke- 
warm water,  and  precipitate  with  alcohol. 

Or  the  crystalline  mass  is  diluted  with  an  equal  volume  of  a 
mixture  of  1  part  of  alcohol  (90  per  cent.)  and  4  parts  of  distilled 
water.  Filter  through  calico,  and  then  place  the  soft  haemoglobin  on 
a  porous  tile  in  a  current  of  cold  air  (Burdon  Sanderson). 

To  obtain  a  permanent  microscopic  preparation  a  little  of  the 
crystalline  mass  may  be  rapidly  spread  out  with  needles  on  a  warmed 
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slide,  and  then  covered;  or  else  treated  successively  with  absolute 
alcohol  and  spirits  .of  turpentine,  and  mounted  in  Canada  balsam. 
They  may  likewise  be  mounted  in  potassic  bichromate  (2  per  cent.),  or, 
before  applying  the  cover  glass,  allow  the  drop  to  dry  completely,  then 
add  dammar  varnish  and  cover  in  the  usual  way. 

2.  Let  dog's  blood  coagulate,  divide  the  clot,  express  it  through 
linen,  and  add  to  the  expressed  fluid  some  solution  of  crystallised  bile 
in  water  (1  to  3).  Filter  at  the  end  of  24  hours,  and  add  to  the  fil- 
trate one-fifth  it's  volume  of  alcohol.  Lay  aside  in  a  cool  place  and  wash 
the  collected  crystals  in  weak  and  then  in  strong  alcohol  (Kuhne). 

3.  Defibrinated  blood  of  horse  is  mixed  with  10  vols,  of  sodium 
chloride  solution  (2  per  cent.)  and  laid  aside  in  a  cool  place.  In  two 
days  the  clear  supernatant  liquid  is  decanted,  and  to  the  thick  red 
deposit  left  behind  a  little  water  is  added,  and  the  whole  then  trans- 
ferred to  a  flask.  Here  it  is  shaken  up  for  some  time  with  an  equal 
volume  of  ether,  when  the  globules  dissolve ;  the  ether  is  decanted 
after  standing,  and  the  laked  blood  filtered  and  treated  with  quarter 
its  volume  of  alcohol  at  0°.  It  is  to  stand  aside  in  a  freezing  mixture 
for  several  days,  when  crystals  of  haemoglobin  can  be  separated  by 
filtration  (Hoppe  Seyler). 

4.  Defibrinated  horse's  blood  is  laid  aside  in  a  tall  cylinder ;  after 
some  time  the  serum  is  removed  with  a  pipette,  and  the  mass  of 
corpuscles  transferred  with  the  addition  of  a  little  water  to  a  flask, 
where  some  ether  is  to  be  added  to  it,  the  flask  well  shaken  and  then 
set  aside.  In  a  few  hours  pour  off*  the  layer  of  ether,  and  treat  the 
mass  again  with  more  ether  exactly  in  the  same  way.  The  watery 
residue  is  next  thrown  upon  a  plaited  filter,  and  the  filtrate  collected 
in  a  cylinder  surrounded  by  ice.  To  this  about  one-fourth  its  volume 
of  alcohol  (80  per  cent.)  that  has  been  cooled  down  to  0°  is  added, 
and  the  mixture  thoroughly  shaken  in  a  large  flask,  which  is  after- 
wards inserted  from  24  to  48  hours  in  a  freezing  mixture  of  ice  and 
salt.  The  crystals  that  sej)arate  are  to  be  collected  on  a  cooled  filter, 
rapidly  washed  several  times  with  a  cooled  mixture  of  spirit  (1)  and 
water  (4),  and  then  squeezed  gently  to  express  as  much  fluid  as 
possible.  To  purify  the  crystals  dissolve  them  in  a  little  water  at 
30°  to  40°  over  a  water  bath,  filter  rapidly  into  a  cooled  cylinder,  add 
of  alcohol  a  quarter  the  volume  of  the  filtrate,  and  repeat  the  process 
detailed  above. 

The  temperature  all  the  time,  except  when  the  mass  is  being 
dissolved  over  the  water  bath,  must  not  be  allowed  to  rise  above  0°  ; 
otherwise  some  of  the  haemoglobin  will  be  lost ;  and  accordingly  the 
process  is  best  performed  in  cold  weather. 
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5.  From  Clot. — The  blood  is  allowed  to  coagulate,  and  then  kept  for 
24  hours  in  a  cool  place,  when  it  is  to  be  dried,  washed  with  ice-cold 
water,  cut  into  little  bits,  and  again  washed  with  iced  water ;  now 
allow  it  to  freeze  inside  a  freezing  mixture,  next  rub  it  up  in  a  shallow 
mortar,  and  transfer  the  powder  to  a  filter,  where  it  is  to  be  washed 
with  water  at  0°  until  the  filtrate  gives  no  precipitate  with  mercuric 
chloride.  Now  extract  the  mass  with  water  at  30°  to  40°,  and  collect 
the  filtrate  in  an  ice-cooled  cylinder.  After  having  ascertained  with 
a  small  specimen  of  the  filtrate  how  much  spirit  can  be  added  without 
a  precipitate  occurring,  mix  with  the  rest  of  the  filtrate  the  estimated 
quantity  of  spirit,  and  lay  the  mixture  aside  in  a  cool  place.  When 
the  crystals  separate  they  are  to  be  washed  with  water  at  0°,  to  which 
a  little  spirit  is  to  be  added  at  first,  until  the  washings  give  no 
precipitate  with  mercuric  chloride,  silver  nitrate,  or  plumbic  acetate. 
The  washing  had  best  be  done  by  decantation,  and  the  washed  mass 
is  left  to  crystallise  in  a  freezing  mixture. 

It  is  sometimes  possible  to  obtain  crystals  by  leaving  the  clotted 
blood  in  a  cool  place  for  two  or  three  days,  and  to  a  little  of  the  fluid 
squeezed  from  it  adding  a  drop  or  two  of  water ;  drops  of  this  mixture 
are  placed  on  slides,  covered,  and  examined  in  a  few  hours. 

Properties. — Haemoglobin  is  capable  of  existing  in  two 
states  of  oxidation,  as  oxyhgemoglouin  and  as  haemoglobin  or 
reduced  haemoglobin,  as  it  is  sometimes  termed.  These  two  are 
diocinguished  by  their  colour  and  their  absorption  spectra,  the 
oxyhaemoglobin  solutions  being  of  a  bright  scarlet,  and  giving 
two  absorption  bands  in  the  spectrum  between  D  and  E,  and 
the  reduced  haemoglobin  solutions  being  of  a  much  darker 
purple  tint,  and  giving  only  one  broad  absorption  band  between 
D  and  E  in  the  spectrum.  By  means  of  oxidising  and  re- 
ducing agents  the  one  body  can  readily  be  converted  into  the 
other  (Stokes).  The  reduced  hjemoglobin,  however,  is  not 
crystalline. 

Oxyhaemoglobin  is  the  only  well-known  proteid  that  readily 
assumes  the  crystalline  form. 

Haemoglobin  is  insoluble  in  absolute  alcohol,  ether,  chloro- 
form, and  benzole  ;  readily  soluble  in  water,  particularly  haemo- 
globin of  the  blood  of  birds,  but  that  of  guinea  pigs,  squirrels, 
and  rats  is  much  less  soluble ;  it  is  soluble  also  in  alkaline 
solutions. 

Its  solutions  do  not  diffuse  through  vegetable  parchment. 
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and  are  easily  decomposed  by  exposure  to  the  air,  and  will  not 
therefore  keep  well ;  also  decomposed  by  boiling,  coagulation 
occurring  with  separation  of  albumin  at  about  64°  to  68°.  Even 
in  the  dry  state  it  is  likewise  very  liable  to  decompose  ;  only  its 
solutions  in  dilute  alkalies  containing  a  little  albumin  can  be 
preserved  for  even  a  short  time. 

It  plays  the  role  of  a  weak  acid,  its  watery  solutions  having 
a  feeble  acid  reaction,  and  accordingly  its  very  dilute  alkaline 
solutions  possess  considerable  stability.  Its  strong  affinity  for 
oxygen  has  already  been  referred  to. 

Hceinoglohin  solutions  are  precipitated  by  alcohol,  acetic 
acid,  the  mineral  acids,  mercuric  nitrate,  and  potassic  ferro- 
cyanide  ;  mercuric  chloride  gives  a  dirty  greyish  red  precipitate, 
and  silver  nitrate  a  brown  solution ;  it  likewise  gives  the  pro- 
tein reactions.  The  acids,  as  well  as  alcohol,  while  precipitating 
also  decompose  it. 

Hcemoglohin  Crystals, — Although  haemoglobin  is  a  colloid 
it  crystallises  in  all  vertebrates,  but  in  some  more  readily  than 
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Fig.  19.— Crystals  of  H^moglobix. 

a,  prismatic  and  rhombic,  from  hum  an  blood— somewhat  similar  in  hare's  blood  • 
6,  irregular  rhombic  tetrahedra,  from  blood  of  guinea  pig  ;  c,  six-sided  tables 
from  blood  of  mouse— somewhat  similar  in  the  squirrel ;  d,  needles  from  lai  k's 
blood  ;  e,f,  elongated  four-sided  needles,  from  blood  of  cat  and  dog. 

in  others  ;  these  crystals  are  formed  with  great  difficulty  from 
the  blood  of  the  pig,  ox,  or  frog,  with  some  difficulty  from  the 
blood  of  sheep,  men,  rabbits,  &c.,  easily  from  that  of  the  dog 
or  cat,  and  very  easily  from  that  of  the  guinea  pig  or  rat. 
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These  crystals  belong  mostly  to  the  rhombic  system, 
forming  long  four-sided  prisms  in  dogs,  tehahedra  in  guinea 
pigs,  and  rhombic  tables  and  prisms  in  man  and  the  horse. 

It  is  stated  by  H.  Struve  that  freshly  prepared  blood  crystals 
which  have  been  rendered  insoluble  by  treatment  with  alcohol  are 
decolourised  by  ammonia  or  chlorine  water  without  undergoing  any 
change  in  their  crystalline  form.  Hence  he  concludes  that  the  blood 
crystals  consist  essentially  of  globulin  mixed  with  a  minute  quantity 
of  the  red  colouring  matter  of  the  blood. 

Absorption  Spectra. — Diluted  arterial  blood  or  a  dilute  solu- 
tion of  oxyhsemoglobin  gives  a  double  absorption  band  between 
D  and  E,  a  solution  con- 
taining even  0*05  milli- 
gram dissolved  in  5  c.c. 
water  showing  the  two 
stripes.  Of  these  two  the 
narrow  one  towards  D  is 
the  more  intense,  and  is 
the  only  one  visible  in 
very  dilute  solutions. 

Keduced  haemoglobin 
gives  but  one  broad  and 
comparatively  faint  band, 
that  is  darkest  in  a  position 
intermediate  to  the  situ- 
ation of  the  oxyhsemoglo- 
bin strij)es,  but  extending 
also  in  a  less  intense  form 
a  little  to  the  red  side  of  D. 

Ordinary  diluted  ven- 
ous blood  will  also  give  the  two  bands  of  oxyhsemoglobin, 
showing  that  there  is  still  a  large  amount  of  this  body  con- 
tained in  venous  blood ;  and  as  these  are  much  more  distinct 
than  the  faint  band  likewise  faintly  visible  and  due  to  the  large 
amount  of  reduced  haemoglobin  present,  the  latter  is. not  easily 
recognised. 

Besides  giving  the  absorption  bands,  part  of  the  rest  of  the 
spectrum  is  shut  out ;  thus  with  moderately  dilute  solutions  of 
oxyhsemoglobin  part  of  the  red  end  of  the  spectrum  is  absorbed. 
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Fjg.  20. — Absorption  Spectha  of  Bloop. 

,  Oxyhsemoglobin.  2.  Reduced  haemoglobin.  3.  Al- 
kaline haematin.  4.  Alkaline  haematin  decomposed 
with  potassic  cyanide  or  potassic  cyanhffmatin. 
5.  Alkaline  solution  of  reduced  hoamatin  (corre- 
sponding nearly  to  hsemocbromogen),  H.  Ha^ma- 
toin  (prepared  by  the  action  of  an  ethereal  oxalic 
acid  solution  on  hasmoglobin  —  Pin'^YEU) — coitc- 
f ponding  nearly  with  iron-free  acid  basmatin,  the 
band  to  the  extreme  right  of  the  latter,  however, 
lying  more  towards  p.  7.  Methfemoglobin  in  alka- 
line solution  (JAnEiiHOLM;. 
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and  a  larger  part  of  the  blue  end  ;  with  the  reduced  haemo- 
globin, on  the  other  hand,  less  of  the  blue  end  is  absorbed  and 
more  of  the  green. 

Carhonic  oxide  exactly  displaces  all  the  oxygen  in  defi- 
brinated  blood  (Bernard),  taking  the  place  of  the  oxygen  in 
the  haemoglobin.  The  new  compound  crystallises  like  oxyhaemo- 
globin.  Blood  so  treated  gives  two  absorption  bands  like 
those  of  oxyhaemoglobin,  but  the  reduction  band  cannot  be 
obtained  with  this  blood  by  means  of  reducing  agents  like 
carbonic  anhydride,  &c.,  on  account  of  the  greater  stability  of 
the  carbonic  oxide  haemoglobin.  A  slight  excess  of  soda  also 
brightens  blood  containing  carbonic  oxide,  while  it  darkens 
normal  blood. 

Nitric  and  nitrous  oxide  also  unite  with  haemoglobin,  and 
with  sulphuretted  hydrogen  a  sulphur  combination  of  haemo- 
globin is  formed. 

Derivatives. — Oxyhaemoglobin  is  decomposed  by  dilute  acids 
or  alkalies,  or  by  the  action  of  heat,  into  a  proteid,  glohin  or 
globulin,  and  a  ferruginous  pigment,  hcematin,  of  which  about 
4  per  cent,  is  obtained  for  about  96  per  cent,  of  the  globulin 
bodies. 

A  watery  solution  of  oxyhremoglobin  soon  changes  colour,  and 
gives  rise  to  a  new  body,  methcemoglohin,  which  is  said  to  be 
occasionally  met  with  in  cysts  and  in  the  blood  after  the  inhalation 
of  amyl  nitrite.  By  the  addition  of  some  freshly-prepared  potassic 
permanganate  solution  to  a  hsemoglohin  solution  methsemoglobin, 
and  later  hsematin,  are  obtained ;  nitrites  act  similarly.  Indeed, 
oxidising  substances  are  said  to  change  oxyhsemoglobin  first  of  all 
into  methsemoglobin.  This  body,  about  which  some  doubt  exists,  is 
said  to  be  soluble  in  water,  but  insoluble  in  alcohol  and  ether ;  it  is 
split  into  hsematin  and  an  albuminous  body  by  acids  and  alkalies,  and 
gives  an  absorption  band  in  the  red  between  c  and  D.  This  body  was 
first  described  by  Hoppe  Seyler,  but  he  afterwards  regarded  it 
merely  as  an  intermediate  stage  in  the  decomposition  of  haemoglobin 
into  hsematin  and  proteids.  Jaderholm,  however,  regards  it  as 
existing  as  a  definite  body,  a  peroxyhcemoglohin  which  in  an  alkaline 
solution  exhibits  three  bands  in  the  spectrum. 

A  solution  of  oxyhsemoglobin  heated  to  100°  decomposes,  and  a  red 
precipitate  occurs,  in  which  hcemochromogen  is  described  as  present ; 
and  by  treating  reduced  hsemoglobin  with  acids  or  alkalies  in  the 
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absence  of  oxygen  it  is  also  obtained  (this  corresponds  to  the  reduced 
hcematin  of  Stokes)  ;  further,  when  decomposed  with  dilute  oxalic 
acid,  beside  the  albumin  precipitate  thrown  down,  li(Ematoi:)or'phyrin 
is  formed  (Hoppe  Seyler). 

Projportion  of  Ilcemoglobin  present  in  Blood. — Haemo- 
globin  may  be  said  to  form  a  little  more  than  12  per  cent,  of 
the  blood,  and  about  IJths  of  the  solid  constituents  of  the 
corpuscles.  Taking  the  proportion  present  in  a  new-born 
child  as  100,  the  following  numbers  (liEiCHTENSTEm)  will 
express  the  proportions  present  later  in  life  : — 

^  to  5  years  =  55  per  cent. 

5  ,,  15   „   =  58    ,f 
15  „  25   „   =  61 
25  „  45   „   =  72 
45  „  60   „   =  63    „ 

The  blood  of  the  new-born,  we  see,  is  therefore  richer  in 
haemoglobin  than  that  of  the  adult.  The  proportion  is  some- 
what greater  in  men  than  in  women  :  men,  a  mean  of  13*58  per 
cent. ;  women,  a  mean  of  12*63  per  cent. 

Assuming  the  average  proportion  of  hgemoglobin  present  in 
mammalian  blood  generally  to  be  9*4  per  cent.,  in  birds  the 
proportion  is  7*8,  in  reptiles  4*3,  in  amphibia  3*9,  and  in 
fish  3*6. 

According  to  Bert  the  blood  of  herbivorous  animals  accli- 
matised at  a  high  elevation  is  richer  in  oxygen  than  the  blood 
of  similar  animals  inhabiting  lands  near  the  sea  level,  100  c.c. 
of  the  blood  in  the  former  case  containing  16*2  to  21*6  c.c. 
oxygen,  and  in  the  latter  only  10  to  12  c.c. 

In  arterial  blood  the  haemoglobin  is  nearly  all  in  the  state 
of  oxy haemoglobin,  while  in  venous  blood  most  of  it  is  in  the 
reduced  condition.  The  blood  of  a  corpse  only  contains  re- 
duced haemoglobin  a  very  short  time  after  death.  In  animals 
completely  deprived  of  air  the  haemoglobin  loses  its  oxygen  in 
less  than  a  minute,  owing  probably  to  the  rapid  consumption  of 
the  gas  by  the  tissues. 

Tests. 

I.  Ozone  Test  for  Hcemoglohin. — This  serves  also  as  a  test 
for  blood.      Oil  of   turpentine   long   exposed  to  air   contains  . 
ozone.     If  to  some  of  this  fluid  we  add  a  little  freshly  prepared 
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alcoholic  solution  of  guaiacum  resin  (taken  from  the  middle  of 
a  large  lump),  and  then  a  drop  of  blood,  and  shake,  a  dark  blue 
colour  results.  The  haemoglobin  acts  as  an  ozone-carrier  to  the 
resin,  but  it  probably  also  serves  as  an  ozone-former.  Some  of 
the  guaiacum  solution  should  be  allowed  to  dry  on  filter  paper, 
and  a  few  drops  of  blood  that  has  been  diluted  20  times  or  so 
allowed  to  fall  on  it,  when  the  blue  reaction  will  appear  at 
the  margins  of.  the  drop.  According  to  Pfluger  the  oxygen 
is  not  converted  into  ozone  by  the  haemoglobin,  the  guaiacum 
reaction  being  entirely  due  to  the  decomposition  of  the  haemo- 
globin. 

This  test  can  be  applied  to  a  dried  blood  stain.  The  stain 
is  moistened,  and  then  aftei?  a  time  washed  in  a  little  water. 
To  the  decanted  liquid  add  a  few  drops  of  freshly  prepared 
tincture  of  guaiacum  and  a  little  ozonised  ether ;  the  mixture 
immediately  assumes  a  blue  or  greenish  blue  tint. 

II.  Absorption  Spectra  of  Hcemoglobin.—  l,  Some  drops 
of  blood  or  of  a  dilute  solution  of  haemoglobin  are  added  to  a 
small  test  tube  nearly  filled  with  water.  This  is  then  brought 
in  front  of  the  slit  of  an  ordinary  spectroscope,  and  examined 
with  bright  daylight  or  by  means  of  a  good  lamp.  With 
a  microspectroscope,  such  as  that  of  Browning  or  Zeiss,  the 
bands  can  be  still  better  seen.  A  vascular  membrane  such  as 
the  web  of  a  frog's  foot  or  the  tongue  of  the  same  animal  may 
be  employed  to  show  the  spectrum  of  living  blood. 

These  two  bands  in  the  yellow  and  the  green,  between  D 
and  E,  have  already  been  referred  to,  and  are  characteristic  of 
oxy haemoglobin  ;  they  are  visible  in  a  layer  one  centimetre  thick 
of  a  solution  containing  y^o^h  per  cent. 

2.  Treat  the  blood  or  haemoglobin  solution  with  a  reducing 
agent,  such  as  some  drops  of  ammonium  sulphide  or  of  an  am- 
moniacal  solution  of  stannous  or  ferrous  tartrate,  prepared  by  dis- 
solving ferrous  sulphate  or  stannous  chloride  in  water,  and  then 
adding  in  succession  a  little  tartaric  acid  and  excess  of  amtmonia ; 
as  the  result  the  two  stripes  disappear,  and  the  single  broad 
band  of  reduced  haemoglobin  takes  their  place,  the  darkest  point 
occupying  the  interval  between  the  position  of  the  two  pre- 
ceding bands,  but  its  lighter  margins  extending  considerably 
on  each  side. 

R 
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3.  Shake  up  some  defibrinated  blood  with  carbonic  oxide  in 
a  test  tube,  and  examine  spectroscopically  ;  two  bands  will  also 
be  seen,  but  situated  a  little  .more  to  the  right  than  those  of 
oxyhiemoglobin. 

Allow  a  moderately  dilute  solution  of  haemoglobin  to  stand 
for  some  time,  and  it  will  attain  a  brownish  tint  and  an  acid 
reaction;  it  also  becomes  precipitable  by  acetate  of  lead,  which 
does  not  throw  down  hgemoglobin  ;  and  it  gives  an  absorption 
band  in  the  red  between  c  and  D. 

If  to  a  dilute  solution  of  blood  a  crystal  of  pure  potassic 
permanganate  is  added,  and  the  solution  then  examined  with 
the  spectroscope,  a  band  will  be  seen  in  the  orange,  and  a 
second  in  the  position  of  the  broader  oxyhaemoglobin  band, 
and  a  third  between  E  and  F.  This  is  stated  to  be  due  to  the 
presence  of  methsemoglobin. 

III.  Additional  Properties, — 1.  If  a  watery  solution  of 
haemoglobin  is  boiled  it  will  be  decomposed  into  albumin  and 
hgematin,  a  brownish  red  coagulum  separating.  The  same 
decomposition  is  effected  by  the  use  of  strong  acids  or 
alkalies. 

2.  A  drop  of  blood  or  a  piece  of  rag  that  has  been  stained 
with  it  is  to  be  placed  in  a  test  tube  and  shaken  up  with  a 
little  distilled  water  after  having  soaked  for  upwards  of  an 
hour.  A  few  drops  of  ammonia  are  then  added,  the  colour  being 
unaffected  thereby,  and  the  solution  boiled :  a  turbidity  will 
be  produced,  of  a  dirty  grey  colour  ;  on  the  addition  of  a  drop 
or  two  of  caustic  potash  the  turbidity  will  disappear,  and  the 
solution  will  be  green  by  transmitted  and  red  by  reflected 
light. 


CHAPTEE  III. 

ESTIMATION    OF   IIMMOGLOBIN. 

This  is  effected  (1)  by  the  estimation  of  its  iron,  (2)  by 
titration  of  the  blood  with  sodic  hyposulphite,  (3)  by  shaking 
the  blood  with  carbonic  oxide,  &c.,  (4)  by  the  comparison  of  a 
very  diluted  blood  with  a  solution  of  blood  or  haemoglobin  of 
known  strength,  and  (5)  by  means  of  the  spectroscope.     The 
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estimation  from  the  amount  of  iron  contained  is  very  trouble- 
some, and  extremely  liable  to  error  unless  great  care  is  taken. 
It  will  not,  therefore,  Ije  referred  to  here,  but  only  the  com- 
parisons of  colour  and  spectroscopic  methods  will  be  detailed. 

I.  The,  Volumetric  Colour  Method.. — Here  the  determination  is 
made  by  a  comparison  of  the  tints  of  a  blood  solution  and  of  a  standard 
solution  of  haemoglobin,  or  of  a  standard  coloured  substitute. 

(<%)  After  H'OPPE  Seyler. — Prepare  haemoglobin  in  the  winter 
from  dog's  or  guinea  pig's  blood,  purify  it  by  recrystallisation,  dis- 
solve it  in  Avater  at  0°,  and  filter.  To  ascertain  the  strength  of  the 
solution,  evaporate  20  c.c.  at  110°,  and  weigh  the  residue  over 
sulphuric  acid.  The  standard  solutions  are  to  be  kept  in  sealed 
tubes. 

20  grams  of  the  defibrinated  blood  to  be  tested  are  made  up  to 
400  c.c. 

Process. — Take  two  small  vessels  with  parallel  walls  1  centi- 
metre apart;  into  the  one  pour  10  c.c.  of  the  hsemoglolin  solution, 
and  dilute  it  with  60  c.c.  water ;  and  into  the  other  10  c.c.  of  the 
blood  solution.  The  two  little  vessels  are  then  to  be  placed  side  by 
side  upon  white  paper,  and  their  depth  of  colour  observed ;  distilled 
water  is  next  to  be  added  to  the  blood  solution  by  means  of  a 
graduated  pipette  until  it  acquires  exactly  the  same  tint  as  the 
haemoglobin  solution.  When  the  two  colours  are  identical  we  note 
the  number  of  c.c.  of  water  which  have  been  required.  The  experi- 
ment should  be  repeated,  diluting  the  10  c.c.  of  hajmoglobin  solution 
with  80  or  100  c.c.  of  water  instead  of  60  c.c. 

Let  us  suppose  now  that  the  normal  solution  of  haemoglobin 
contains  0"00145  gram  haemoglobin  in  each  c.c,  and  that  it  requii-es 
an  addition  of  38  c.c.  water  to  the  10  c.c.  of  the  diluted  blood  to 
obtain  the  same  depth  of  colour  as  that  of  the  standard  hsemoglobin 
solution ;  then 

10  :  10  +  38=400  :  cc  =  1920. 

That  is,  the  400  c.c.  of  blood  solution  must  be  diluted  to  1,920  c.c.  to 
attain  the  tint  of  the  standard  haemoglobin,  and,  as  1  c.c.  of  this 
contains  0*00145  gram  haemoglobin — 

1  :  0-00145  =  1920  :  x  =  2  784. 

The  diluted  blood  will  accordingly  contain  2*784  grams,  and  there- 
fore the  defibrinated  blood  =  2*784  x  5  =  13*920  per  cent,  haemo- 
globin. 

{h)  As  the  standard  solution  of  haemoglobin  is  both  troublesome 
to  make  and  keeps  badlj^  it  is  more  convenient  to  use  as  our  standard 

b2 
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of  comparison  a  solution  of  carmine  or  picrocarmine  to  which  a  little 
phenol  and  glycerin  have  been  added ;  this  is  graduated  by  com- 
parison with  a  standard  haemoglobin  solution.  The  coloured  solution 
is  readily  prepared  by  dissolving  1  gram  pure  carmine  in  a  little 
water  and  ammonia  with  the  aid  of  heat,  adding  the  solution  to 
1 00  c.c.  of  a  boiling  saturated  solution  of  picric  acid,  evaporating  to 
dryness,  dissolving  the  residue  in  100  c.c.  water,  and  filtering  the 
solution  thus  formed.  With  this  solution  any  depth  of  colour  can 
readily  be  imitated. 

Dr.  GowERS  uses  as  his  standard  of  comparison  a  solution  of  1  per 
cent,  of  blood  in  water,  and,  so  as  to  have  a  stable  standard,  imitates 
the  exact  tint  of  this  with  some  glycerin  jelly  coloured  with  carmine 
or  picrocarmine. 

Process. — 20  c.c.  of  the  blood  to  be  tested,  measured  by  means  of  a 
capillary  pipette,  are  added  to  a  glass  cylinder  like  that  containing 
the  coloured  jelly,  and  to  which  a  few  drops  of  water  have  previously 
been  added.  Distilled  water  is  then  added  drop  by  drop,  wirh  con- 
tinual agitation,  until  the  same  tint  is  obtained  as  that  of  the 
standard  of  comparison.  The  amount  of  water  added  indicates  the 
haemoglobin.  The  normal  standard  marks  100  degrees  of  dilution, 
so  that  if  the  blood  we  are  testing  gives  the  same  tint  when  diluted, 
say  40  times,  then  it  contains  only  40  per  cent,  of  the  normal  amount 
of  haemoglobin. 

Only  approximative  results,  it  may  be  said,  are  thus  obtained. 

II.  Determination  of  Hcemoglohin  hy  the  Spectroscope  (Preyer). — 
This  process  is  the  most  accurate,  and  its  only  difficulty  consists  in 
the  preparation  of  the  standard  solution;  but  when  this  has  been  done, 
and  the  value  of  k  once  ascertained,  subsequent  experiments  will 
merely  require  exactly  the  same  conditions  to  be  observed  in  ex- 
amining the  blood  as  were  pursued  with  the  haemoglobin. 

Principle  of  the  Process. — Concentrated  solutions  of  haemoglobin 
are  quite  opaque  to  all  but  the  red  rays  of  the  spectrum ;  less  con- 
centrated solutions,  however,  allow,  in  addition  to  the  red  and 
orange,  a  part  of  the  green  to  pass.  If  now  a  solution  of  the  haemo- 
globin is  made  of  such  a  density  as  to  permit  the  green  to  pass,  and 
if  the  amount  of  haemoglobin  present  in  such  a  solution  is  deter- 
mined, we  possess  a  standard  of  comparison.  To  determine  the 
haemoglobin  in  a  specimen  of  blood  it  will  therefore  be  necessary  to 
defibrinate  it,  and  to  dilute  a  measured  quantity  of  it  until  it  allows 
the  green  of  the  spectrum  to  appear  when  examined  with  a  spectro- 
scope. 

Preparation  of  a  Standard  Solution. — A  little  glass  vessel  with 
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two  of  its  parallel  walls  1  centimetre  apart  is  to  be  placed  close  in 
front  of  a  lamp  in  a  darkened  room.  Into  it  is  poured  1  c.c.  strong 
solution  of  hsemogltjbin,  and  with  a  spectroscope  the  light  is  ex- 
amined through  the  layer  of  fluid.  If  sufficiently  concentrated  no 
light  passes.  Distilled  water  is  now  carefully  added  from  a  finely 
graduated  pipette  until  the  green  just  begins  to  appear  in  the  spectro- 
scope. The  diluted  solution  of  haemoglobin  in  the  little  vessel  is 
then  poured  into  a  small  weighed  porcelain  capsule,  and  its  weight 
taken ;  the  solution  is  next  evaporated  over  a  water  bath  to  complete 
dryness,  and  weighed  again.  We  thus  obtain  the  amount  of  haemo- 
globin present,  and  can  calculate  therefrom  the  percentage  of  the 
solution. 

Determination  of  Blood, — With  all  the  arrangements  exactly  as 
before,  about  0  5  to  0*8  c.c.  of  fresh  defibrinated  but  unfiltered  fresh 
blood  that  has  been  well  shaken  in  the  air  is  poured  into  the  little 
vessel  with  parallel  walls.  Drop  by  drop  distilled  water  is  let  fall 
into  this  from  a  finely  gi-aduated  pipette  until  the  green  begins  to  be 
seen  in  the  spectroscope. 

If  K  =  the  percentage  of  a  haemoglobin  solution  allowing  the 
green  to  pass,  v  =  the  volume  of  water  in  c.c.  added  to  the  blood 
until  the  green  appears,  h  =  the  volume  of  the  blood  in  c.c,  and 
X  =  the  percentage  of  the  haemoglobin  in  the  blood,  then 

_    K    (V  -f  h)  . 
X , 

or  if  the  quantity  of  blood  employed,  b,  be  equal  to  0*5  c.c, 

x=  K  {I  +  2v). 

Suppose  now  that  k-  =  0*8  per  cent,  haemoglobin,  the  quantity  of 

blood   employed   =   0*551   c.c,   and   the   volume    of    water    added 

=  8*54  c.c,  then 

0-8  (8-54  +  0-551)        ,010  .  i.  i  u- 
^             '  =  13-19  per  cent,  haemoglobin. 

U'OO  i 

The  author  has  obtained  fairly  accurate  results  by  using  standard 
solutions  of  normal  blood  instead  of  haemoglobin,  and  also  by 
repeating  the  experiments  in  a  darkened  room,  with  the  same  inten- 
sity of  light,  &c.,  as  was  primarily  used  in  determining  the  value 
of  K-. 

Pathology. — Taking  the  normal  amount  of  dry  hgemoglobin 
as  12-7  per  cent.  (Quinquand),  in  chlorosis  it  may  sink  to  7*2 
to  4*6  per  cent.;  in  cancer,  to  5*7  to  4*3  (in  fibrous  tumours 
and  cysts,  while  the  haemoglobin  may  fall  to  a  mean  of  8  per 
cent.,  in  cancerous  tumours  it  may  be  as  low  as  4  to  3*8  per 
cent.);  in  leukaemia,  to  6  per  cent. ;  first  stage  tubercle,  to  10 
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per  cent.,  third  stage  from  10-6  to  4*8  per  cent. ;  in  severe 
typhoid  fever  (about  the  twelfth  day),  to  11-5  per  cent. ;  and  in 
acute  atrophy  of  the  liver,  to  8'1  to  6*7  per  cent.  In  cholera  it 
often  rises  to  1 5  to  20  per  cent.  In  chronic  anaemia  Hayem 
has  noticed  that  there  is  less  haemoglobin  in  the  corpuscles 
themselves  than  in  the  normal  condition. 


CHAPTER  IV. 

IIJEMATIN. 

H^MATIN,  C3jH3,N4Fe05  (Cg^Hg^FeN^O,— Thudichum).— 
This  is  a  bluish  black  amorphous  body,  forming  a  reddish 
brown  powder  that  can  be  heated  without  decomposition  to  180°, 
and  w^hich,  when  burnt,  leaves  pure  oxide  of  iron  behind.  It  is 
insoluble  in  water,  alcohol,  ether,  and  chloroform,  but  easily 
soluble  in  the  alkalies  or  alkaline  carbonates ;  it  is  with  diffi- 
culty soluble  in  acetic  or  the  mineral  acids,  and  hydrochloric 
appears  to  be  the  only  one  of  these  that  dissolves  it  without  its 
iron  separating.  Solutions  of  hsematin  are  dichroic,  being  reddish 
brown  in  a  thick  and  olive  green  in  a  thin  layer.  Like  haemo- 
globin, hgematin  exists  in  an  oxidised  and  a  reduced  condition, 
freshly  reduced  hgematin  passing  rapidly  back  into  the  ordinary 
form. 

Preparation. — 1.  Dilute  defibrinated  blood  with  a  large  quantity 
of  10  per  cent,  sodic  chloride  solution.  The  globules  swell  and 
separate  from  the  serum.  They  are  washed  with  saline  solution, 
dried  at  a  low  temperature,  and  then  rubbed  up  with  15  to  20  times 
their  weight  of  glacial  acetic  acid.  Warm  over  a  water  bath  till  the 
solution  is  complete  j  then  dilute  with  five  or  six  volumes  of  water 
and  lay  aside  for  several  weeks,  when  crystals  of  chlorhydrate  of 
hsematin  separate.  Decant,  purify  the  crystals  by  redissolving  them 
in  acetic  acid,  and  dilute  as  before  with  five  to  six  volumes  of  water. 
Pure  hgematin  can  be  obtained  from  these  crystals  by  dissolving  them 
in  ammonia,  evaporating  the  solution  to  dryness,  and  heating  the 
residue  to  1 30°  ;  next  digest  the  dry  mass  for  several  days  with 
absolute  alcohol  at  50°,  filter,  and  the  red  alcoholic  solution  will,  on 
evaporation,  yield  pure  hsematin. 

2.   Digest  coagulated   blood,    or   the   separated   corpuscles,    with 
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alcohol  containing  sulphuric  acid,  warm  gently  over  a  water  bath,  and 
filter  rapidly  :  a  dark  brown  solution  of  heematin  is  obtained. 

3.  Defibrinated  I>lood  is  shaken  with  twice  its  volume  of  ether 
containing  quarter  its  bulk  of  alcohol.  Decant  after  24  hours,  and 
exhaust  the  coagulum  with  ether  containing  2  per  cent,  oxalic  acid. 
The  hsematin  is  precipitated  from  this  by  adding  to  it  ether  charged 
with  ammonia,  and  it  is  lastly  washed  with  water,  alcohol,  and 
ether. 

Derivatives. — By  the  action  of  most  of  the  acids — sulphuric 
acid,  for  example — a  solution  of  haematin  is  decomposed,  and 
iron-free  heematin  (apparently  identical  with  cruentin^  hcemato- 
porphyrin,  and  acid  hoimatin)  is  thrown  down,  hydrogen  at 
the  same  time  being  disengaged,  and  ferrous  sulphate  (if  the 
decomposing  acid  has  been  sulphuric)  formed.  This  new  body 
is  regarded  by  Hoppe  Seyler  as  being  of  the  same  nature  as 
bilirubin.  Pkeyer's  hcematoin  is  also  very  similar  to  this  iron- 
free  haematin,  like  it  containing  no  iron.  If  some  blood  or 
strong  haemoglobin  solution  is  shaken  up  with  an  equal  volume 
of  ether  to  which  a  little  acetic  acid  has  been  added,  and  the 
daik-coloured  ethereal  solution  decanted  and  allowed  to  eva- 
porate over  caustic  alkali,  stellate  brown  needles  will  be  obtained 
of  this  body. 

Absorption  Spectra  (see  p.  237). — 1.  A  dilute  alkaline 
solution  gives  a  faintly  marked  band  at  D,  with  much  absorp- 
tion of  the  blue  end  of  the  spectrum.  By  increasing  the  strength 
of  the  solution  the  band  extends  towards  c,  and  with  still 
further  concentration  broadens  also  towards  e,  the  red  end  of 
the  spectrum  as  well  as  much  of  the  blue  end  being,  absorbed. 
The  same  spectrum  is  obtained  with  solutions  of  blood  or 
haemoglobin  that  have  been  rendered  distinctly  alkaline,  and 
then  allowed  to  stand  some  time. 

2.  If  to  some  of  the  above  solution  of  blood  or  haemoglobin 
a  little  strong  potassic  cyanide  solution  is  added,  a  broad  ab- 
sorption band  rapidly  makes  its  appearance  like  that  of  reduced 
haemoglobin,  but  lying  more  towards  E.  Now  treat  the  solution 
with  such  a  reducing  agent  as  ammonium  sulphide  :  two  bands 
then  appear  between  d  and  E,  very  like  in  their  position,  to  the 
oxy haemoglobin  stripes,  but  neither  of  them  touching  D  or  E, 
the  narrowest  band  being  separated  from  D  by  a  considerable 
interval  (cyanhcematin  of  Lankestep.). 
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3.  The  ethereal  solution  of  Preyer's  hcematom,  or  a  solu- 
tion of  the  iron-free  or  so-called  acid  hoematin  in  alkali  or  in 
alcohol  containing  some  sulphuric  acid,  gives  four  absorption 
bands — one  distinct  band  in  the  red  near  c ;  two  bands  between 
D  and  E,  of  which  one  is  a  faint  narrow  stripe  near  d,  and  the 
other  a  broad  dark  band  near  E ;  and  an  indistinct  band  in  the 
blue  between  h  and  f.  But  a  slight  difference  exists  between 
the  spectra  of  the  two  solutions,  for  the  bands  near  c  and  E 
are  broader  and  more  distinct,  and  the  stripe  near  D  narrower 
and  fainter  in  the  hgematoin  spectrum. 

4.  Oxy haemoglobin  or  a  blood  solution,  when  reduced  by 
ferrous  sulphate,  ammonic  sulphide,  or  grape  sugar  at  40°,  gives  a 
temporary  intermediate  product,  Hoppe  Seyler's  hoeinochromiO' 
gen  {C.^fi^^^eO^,  which  is  apparently  identical  with  Stokes's 
reduced  hcematin  ;  it  gives  a  dark  absorption  band  between  d 
and  e,  but  nearer  D,  and  a  second  faint  band  extending  from  a 
little  on  the  red  side  of  E  to  the  blue  side  of  b. 

This  reduced  hsematin  or  hsemochromogen  can  be  preserved 
some  time  in  alkaline  solutions  if  not  exposed  to  the  air,  but 
it  will  decompose  rapidly  in  acid  solutions,  hcematoporphyrhi 
being  formed. 

H^MATOIDIN  occurs  in  yellow  crystals  in  old  extravasations. 
Its  composition  corresponds  to  the  formula  CgoHy^N^Oc,  which 
makes  it  homologous  with  bilirubin,  but  Preyer  maintains  that 
they  are  not  identical  spectroscopically.  Eobin  regards  it  as 
hsematin  which  has  lost  all  its  iron  and  acquired  an  atom  of 
water. 


CHAPTER  V. 

H^WIN. 

H^MIN  (Teichmann's  Blood  Crystals),  C34H3,N4FeO,.HCl, 
has  not  been  found  preformed  in  animal  bodies ;  it  is  a  bluish 
black  or  dark  brown,  metallic-looking,  very  stable  crystalline 
powder.  In  dilute  acetic  acid,  water,  alcohol,  ether,  and  chloro- 
form it  is  almost  insoluble,  but  soluble  in  hydrochloric  and 
sulphuric  acids  and  in  solutions  of  the  alkalies  and  alkaline 
carbonates,  but  being  decomposed  in  its  solution. 
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Hsemin  crystallises  in  numerous  forms  belonging  to  the 
rhombic  system  ;  these  are  most  generally  small  brown  or  almost 
black  rhombic  prisms  or  tables. 

Preparation. — 1.  On  a  small  scale  crystals  of  hsemin  can  be 
obtained  by  proceeding  as  in  the  first  of  the  tests  given  below. 

2.  To  obtain  it  in  bulk,  separate  the  corpuscles  from  a  quantity  of 
blood,  and  having  decanted  the  serum,  dry  the  corpuscles  over  a 
water  bath  at  50°  ;  add  a  sufficiency  of  acetic  acid  to  form  a  solution 
with  the  aid  of  heat.  This  having  been  effected,  mix  the  solution 
with  five  times  its  volume  of  water,  and  set  the  whole  aside  in  a 
cylinder  in  a  moderately  cool  place.  At  the  end  of  several  days 
decant  and  wash  the  crystalline  residue  repeatedly  with  water  for  a, 
considerable  time. 

3.  Boil  300  c.c.  glacial  acetic  acid  in  a  flask  over  a  water  bath, 
and  add  to  it  with  frequent  agitation  100  c.c.  of  blood.  The  haemo- 
globin is  decomposed,  and  both  the  haematin  and  the  globulin  remain 
in  solution.  Pour  the  hot  fluid  into  a  beaker,  and  lay  aside.  After 
24  hours  a  deposit  of  very  small,  dark  blue,  silky  crystals  occurs ; 
these  are  to  be  washed  in  water  by  decantation,  and  finally  collected 
on  a  filter. 

4.  Rub  up  some  powdered  blood  clot  with  one-fifth  its  weight  of 
potassic  carbonate,  then  digest  the  mixture  at  45°  with  alcohol 
(93  per  cent.) ;  dilute  the  filtrate  with  its  own  volume  of  w^ater  and 
acidify  slightly  with  acetic  acid.  The  brown  flocculent  precipitate  is 
to  be  dried,  rubbed  up  with  one-fifth  its  weight  of  sodic  chloride  and 
20  to  30  times  its  weight  of  glacial  acetic  acid,  and  the  mass  digested 
at  60°.     Separate  the  hsemin  crystals  as  above. 

Tests. — 1.  The  dried  blood  is  to  be  powdered,  mixed  with  a 
few  crystals  of  dried  sodium  chloride,  and  gently  warmed  on  a 
glass  slide;  then  add  a  few  ^^ 

drops  of  glacial  acetic  acid  M  §  ^|P  ^  i^ 
and  warm  again ;  now  add  ^^  ^  ^^  gjj  <^ 
some  fresh  acid,  and  having 
applied  a  cover  glass  heat 
once  more,  when  the  charac- 
teristic crystals  will  appear. 
Larger   crystals   wdll   be  ob- 

,   ^  .  1  Fig.  21.— Rhombic  Crystals  of  H.raiix. 

tained  by  repeating  the  pro- 
cess several  times ;  but  sometimes  this  must  be  done  even  to 
render  the  experiment  successful.     When  fresh  blood  is  em- 
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ployed  the  addition  of  the  salt  may  be  omitted.  To  preserve 
these  crystals  they  may  be  sealed  up  in  acetic  acid,  or  the 
surplus  acid  may  be  removed  and  replaced  by  Farrant's 
solution. 

2.  Take  a  little  hsemin  and  dissolve  it  in  dilute  hydrochloric 
acid ;  this  solution,  when  examined  spectroscopically,  gives  a 
band  in  the  red  near  c,  and  a  second  diffuse  band  in  the 
broad  space  from  E  to  F,  but  also  extending  towards  D. 

An  alkaline  solution  is  dichroic,  brown  with  transmitted 
and  olive  green  with  reflected  light. 


CHAPTER  VI. 

COAGULATION. 

Fresh-drawn  blood  begins  to  set  or  solidify  If  minute  to  6 
minutes  after  its  removal  from  the  living  blood  vessels,  and 
this  coagulation,  as  it  is  termed,  is  completed  in  7  to  16 
minutes  (Nasse).  In  healthy  blood  the  coagulation  occurs 
slowly,  but  the  blood  of  delicate  persons,  or  of  invalids,  women, 
and  children,  coagulates  more  rapidly.  This  setting  of  the 
blood  is  due  to  the  solidification  or  separation  of  the  fibrin, 
which  usually  occurs  at  the  suiface  and  periphery,  principally 
at  first  in  the  under  layers  of  the  blood,  and  spreading 
from  thence  upwards  and  outwards.  The  clot,  the  great  mass 
of  which  consists  of  corpuscles,  the  amount  of  fibrin  being 
very  slight,  takes  the  form  of  the  vessel  in  w^hich  the  blood  is 
contained.  The  coloured  corpuscles  are  in  greatest  numbers 
towards  the  base  of  the  clot,  while  the  pale  corpuscles,  being 
specifically  lighter,  are  most  abundant  at  the  surface ;  in  cer- 
tain conditions,  as  in  hydrsemia,  chlorosis,  and  pregnancy,  as 
well  as  in  inflammations,  owing  to  the  more  rapid  sinking  of 
the  coloured  corpuscles,  or,  as  in  horses'  blood,  to  the  slower 
occurrence  of  the  coagulation,  the  surface  may  present  a 
yellowish  tint,  forming  the  so-called  huffy  coat 

By  the  contraction  of  the  fibrin  threads  the  serum  is 
squeezed  out,  and  this  may  continue  for  twenty-four  to  forty- 
eight  hours  ;  but  the  occurrence  of  coagulation  as  well  as  the 
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completion  of  the  contraction  will  vary  as  to  time,  according  to 
the  condition  of  the  blood  itself  and  of  its  surroundings  when 
withdrawn.  Artefial  blood,  for  example,  coagulates  more  rapidly 
than  venous  blood ;  and  coagulation  may  be  accelerated,  re- 
tarded, or  prevented  by  alterations  in  the  temperature  or  by 
the  admixture  of  the  blood  with  reagents  of  different  kinds. 
Thus  it  is  accelerated  by  moderate  elevation  of  temperature, 
occurring  most  readily  about  38° ;  by  exposure  to  foreign  con- 
tact, agitation;  and  the  like ;  and  by  the  addition  of  a  small  pro- 
portion of  different  salts.  It  is  possible  that  these  agencies 
act  by  favouring  the  disintegration  of  the  pale  corpuscles  from 
which  the  ferment  is  derived.  Irritation,  in  short,  of  every  kind 
would  appear  to  favour  the  destruction  of  the  pale  corpuscles, 
and  thus  increase  the  proportion  of  fibrin  (Mantegazza). 

On  the  other  hand,  coagulation  may  be  retarded  or  'pre- 
vented by  a  low  temperature  (0°),  by  the  addition  in  considerable 
amounts  of  acids,  caustic  alkalies,  and  salts  such  as  magnesic 
sulphate,  sodic  chloride,  &c. ;  further,  the  addition  to  the  blood 
of  sugar  or  gum  in  quantity,  or  of  glycerin  in  excess,  as  also 
the  passage  through  it  of  a  current  of  ozone,  delay  and  prevent 
coagulation. 

Additions  of  water  up  to  half  the  volume  of  the  blood 
hasten  coagulation,  while  larger  quantities  hinder  it. 

The  slower  coagulation  of  venous  than  of  arterial  blood  is 
dependent  not  on  want  of  oxygen,  but  on  its  richness  in  car- 
bonic acid.  Want  of  oxygen  in  the  blood  appears  to  hasten, 
whilst  richness  in  oxygen  delays  coagulation  (Hasebrock). 

Theories  as  to  the  Causes  of  Coagulation. — Without  referring 
to  the  earlier  theories,  I  shall  confine  myself  to  a  brief  synopsis 
of  a  few  of  comparatively  recent  date. 

1,  The  influence  of  the  living  vessels  seems  to  prevent  coagulation 
during  life  ;  indeed,  Brucke  was  of  opinion  that  the  normal  living 
walls  of  the  vessels  exerted  an  active  influence  in  opposing  its 
occurrence.  The  endothelial  lining,  however,  musb  be  in  a  healthy 
condition,  for  if  it  undergoes  irritation  and  germination,  or*  is  broken 
through  in  any  way,  a  clot  forms  over  the  altered  region ;  and  ac- 
cordingly, as  in  the  case  of  thrombi,  clots  may  form  in  the.  living 
vessels.  A  normal  relation  or  equilibrium,  as  Foster  puts  it,  would 
seem  to  be  maintained  between  the  blood  and  its  immediate  invest- 
ment :  when  this  is  disturbed  coaofulation  results. 
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2.  Theory  of  Denis. — There  exists  in  the  plasma  a  substance 
(j)lasmin)  which  can  be  separated  by  the  addition  of  an  excess  of 
sodic  chloride ;  this  precipitate  dissolves  in  water,  and  the  solution 
coagulates  spontaneously,  separating  thus^  into  ordinary  fibrin  and  a 
fibrin  soluble  in  solutions  containing  traces  of  sodic  chloride.  When 
the  blood  coagulates,  this  last  fibrin  remains  in  solution  in  the  serum. 
Coagulation,  according  to  this  theory,  would  therefore  be  due  to  the 
decomposition  of  a  body  previously  dissolved  in  the  plasma. 

The  presence  of  a  soluble  fibrin  has  also  been  maintained  by 
EiCHWALD,  Matthieu,  and  Urbain,  &c.,  which  under  certain  con- 
ditions passes  out  of  solution. 

3.  As  soon  as  the  corpuscles  lose  their  vitality  much  of  their 
globulin  escapes  from  them.  In  the  living  circulating  blood  this 
globulin  is  contained  in  the  corpuscles,  and  accordingly  no  coagulation 
occurs  until  it  combines  with  other  bodies  normally  present  in  the 
plasma.  Anything,  such  as  foreign  contact,  leading  to  an  impairment 
of  the  vitality  of  the  globule  will  tend  to  favour  the  discharge  of  its 
globulin,  and  the  consequent  occurrence  of  coagulation ;  while  the 
presence  of  carbonic  acid,  neutral  salts,  or  sugar  in  such  amount  as  to 
render  the  plasma  denser,  or  to  hinder  the  rapidity  of  oxidation,  will 
tend  to  retard  the  process  (Gautier). 

(a)  According  to  Schmidt  the  presence  of  three  bodies  is  necessary 
for  coagulation  to  occur — fibrinogen,  contained  in  the  blood  plasma  ; 
fihrinoplastin,  contained  in  the  corpuscles  ;  and  2,  fibrin  ferment  which 
cannot  be  found  in  the  living  blood  unless,  owing  to  some  abnormal 
condition,  it  is  generated  by  a  destruction  of  pale  corpuscles.  A  similar 
ferment  is  found  in  all  protoplasmic  cells,  such  as  those  of  lymph, 
chyle,  and  pus,  &c.  Both  the  fibrinoplastin  and  the  ferment,  Schmidt 
affirms,  are  derived  from  the  disorganisation  of  the  pale  corpuscles,  the 
fibrinogen  alone  being  a  normal  constituent  of  the  plasma.  By  the 
interaction,  then,  of  these  previously  separate  bodies  fibrin  is  formed. 

During  life  any  fibrinoplastin  formed  by  the  disintegration  of  pale 
corpuscles  is  always  being  oxidised,  thus  tending  to  disappear ;  but  if 
this  destruction  of  the  corpuscles  is  greatly  increased,  as  by  the  injec- 
tion of  solutions  of  pepsin  or  pancreatic  juice  into  the  blood,  coagula- 
tion ensues  (Albertoni). 

In  addition  to  Schmidt's  three  factors  a  neutral  salt  like  NaCl 
requires  also  to  be  present — is,  in  fact,  essential  to  the  process. 

Some  serous  fluids  are  wanting  in  the  fibrinoplastic  substance,  and 
some  in  the  ferment.  The  quantity  of  the  ferment  present  has  no 
influence  upon  the  amount  of  fibrin  formed,  but  it  aflects  markedly 
the  rapidity  of  the  process  j  and  the  fibrin  generated  is  less  in  weight 
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than  the  fibrinoplastin  used  up,  and  an  excess  of  this  body  is  found 
in  the  serum  after  coagulation  has  occurred. 

{h)  Hammarsten  and  Fredericq  are  of  opinion  that  there  is  but 
one  generator  of  fibrin,  fibrinogen,  which  under  favourable  circum- 
stances, apparently  associated  with  the  action  of  a  ferment  derivative 
of  the  pale  corpuscles,  is  decomposed  and  fibrin  formed. 

Fibrin  cannot,  then,  appear  in  a  fluid  devoid  of  fibrinogen,  but 
without  the  presence  of  certain  derivatives  of  the  pale  corpuscles  it 
cannot  be  formed  from  fibrinogen  alone.  Schmidt's  fibrinoplastin 
simply  favours  the  formation  of  fibrin  from  the  fibrinogen,  but  its 
presence  has  no  effect  on  the  quantity  of  fibrinogen  used  up,  although 
it  has  a  marked  influence  on  the  amount  of  fibrin  produced. 

(c)  Heynsius  believes  that  the  coloured  corpuscles  play  an  im- 
portant role  in  coagulation,  the  chief  part  of  the  fibrinogen,  according 
to  him,  being  derived  therefrom,  although  Schmidt  ascribes  the 
favourable  action  of  the  coloured  corpuscles  to  the  ferment  that  comes 
from  them. 

Hayem  describes  under  the  name  of  hcematohlasts  a  series  of 
small  granular  corpuscles  which  are  very  delicate  in  their  consistency, 
more  or  less  biconcave  and  irregular  in  shape,  and  either  colourless  or 
stained  by  haemoglobin ;  as  to  their  pre-existence  in  the  living 
blood  there  maybe  some  doubt,  but  Hayem  attributes  to  them  an 
active  share  in  coagulation,  as  they  serve,  according  to  him,  as  centres 
from  which  delicate  threads  of  fibrin  radiate,  so  that  coagulation 
would  seem  to  have  its  origin  in  the  physico-chemical  acts  accompany- 
ing their  decomposition. 

Fibrin. — Human  blood  furnishes  0*1  to  0*4  per  cent,  dry 
fibrin.  If  fibrin  is  left  in  a  moist  condition  in  a  warm  place  it 
gradually  liquefies  and  becomes  putrid,  a  coagulable  albumin 
being  formed  as  well  as  butyrate,  valerate,  and  sulphide  of 
ammonium. 

LuSANNA.  regards  fibrin  as  the  liquefied  and  oxidised  tissue 
detritus,  tetanised  muscle,  he  states,  furnishing  twice  as 
much  fibrin  as  the  resting  muscle ;  the  lymph  also  more  than 
blood,  because  it  contains  more  of  these  waste  products ;  and  the 
arterial  blood  more  than  the  venous  blood,  on  accoiint  of  the 
excess  poured  in  by  the  lymph.  (For  fibrin  see  under  Albumins, 
p.  113.) 
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CHAPTEE  VII. 

METHODS  AND  PRACTICAL  EXERCISES  FOR  THE  SEPARA- 
TION, PREPARATION,  OR  IDENTIFICATION  OF  DIFFER- 
ENT BLOOD   CONSTITUENTS. 

1.  Albumin  of  Serum. — Dilute  the  serum  with  twice  its 
volume  of  water,  and  add  very  dilute  acetic  acid  until  a  precipi- 
tate occurs — this  is  jparaglohuliii ;  filter,  and  having  rendered 
the  filtrate  slightly  alkaline,  dialyse,  and  after  some  time  con- 
centrate the  contents  of  the  dialyser.  To  separate  serum 
globulin  and  serum  albumioi,  add  to  the  serum  a  saturated 
solution  of  magnesic  sulphate;  the  serum  albumin  remains  in 
solution,  the  globulin  being  precipitated.  The  ser-albumin  can 
be  separated  from  excess  of  salines  by  dialysis. 

2.  The  Salts  of  the  Serum. — Faintly  acidify  the  serum  with 
acetic  acid,  boil  for  some  time,  and  filter ;  the  filtrate  is 
often  termed  serosity.  The  precipitated  albumin  contains  a  little 
fat  and  some  earthy  salts,  which  may  be  removed  by  boiling 
first  with  alcohol  and  then  with  dilute  hydrochloric  acid. 

The  serosity  is  to  be  carefully  evaporated  nearly  to  dryness, 
when  crystals  of  sodic  chloride  will  form.  Pour  off  the  mother 
liquor,  and  having  evaporated  it  to  dryness,  ignite  the  residue, 
wdien  a  white  fusible  ash  will  be  obtained.  To  a  trace  of  this 
add  a  drop  of  nitric  acid,  and  note  the  evolution  of  carbonic 
acid  gas  ;  the  rest  of  the  ash  is  boiled  in  water  and  a  little 
carbonate  of  ammonia  added. 

(a)  The  precipitate  is  collected  on  a  filter,  well  washed  in 
water,  boiled  in  a  little  dilute  hydrochloric  acid,  evaporated  just 
to  dryness,  then  dissolved  up  again  in  water  and  filtered.  This 
solution  of  the  precipitate  contains  phosphates  and  a  trace  of 
lime.  To  part  of  it  a  few  drops  of  nitric  acid  and  then  excess 
of  ammonia  molybdate  are  added,  and  on  warming  gently  a 
bright  yellow  precipitate  of  ammonio-molybdic  phosphate  ap- 
pears. To  the  rest  add  excess  of  oxalate  of  ammonia  and  shake 
well,  when  oxalate  of  lime  will  be  precipitated. 

(h)  The  filtrate  from  the  ammonic  carbonate  precipitate  con- 
tains the  alkalies,  soluble  chlorides,  sulphates,  and  phosphates. 

(j)  To  one  half  add  a  few  drops  nitric  acid,  and  then  a  little 
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baric  nitrate,  when  the  sulphates  are  precipitated  ;  to  the  fil- 
trate add  excess  -pf  silver  nitrate,  which  throws  down  the 
chlorides ;  and  to  the  filtrate  therefrom  add  dilute  ammonia 
to  neutralisation,  when  yellow  phosphate  of  silver  makes  its 
appearance. 

(ij)  The  other  half  is  to  be  evaporated  to  dryness,  and  the 
residue  gently  ignited  and  subsequently  dissolved  in  water,  a 
few  drops  hydrochloric  acid  added,  and  then  evaporated  in  a 
capsule  ;  sodic  chloride  crystallises  out  in  cubes.  Decant  the 
mother  liquor,  add  to  it  platinic  chloride  and  alcohol,  and  stir 
well  with  a  glass  rod,  when  a  crystalline  yellow  precipitate  of 
potassio-platinic  chloride  will  form. 

3.  Separation  of  Lecithin,  Fats,  and  Cholesterin  from  the 
Coloured  Corpuscles. — A  clot  is  expressed  through  a  linen  cloth, 
and  the  fluid  that  exudes  is  to  be  treated  with  excess  of  ether 
and  well  shaken ;  the  ether  is  separated  by  decantation,  and 
the  residue  again  extracted  with  more  ether.  The  ethereal 
extract  is  then  filtered  and  evaporated ;  a  crystalline  residue  is 
obtained  of  fats,  cholesterin  in  needles,  and  lecithin  in  little 
tufts.  By  adding  water  the  lecithin  swells  up  and  becomes 
almost  insoluble  in  ether,  so  that  by  treating  the  residue  with  the 
latter  solvent  after  the  action  of  the  water  the  fats  and  choles- 
terin are  removed. 

4.  Separation  of  the  Corpuscles. — (a)  Let  the  blood  flow  from 
the  vein  into  a  saturated  solution  of  sodic  sulphate  contained  in 
a  vessel  surrounded  by  a  freezing  mixture  ;  no  coagulation  will 
occur,  and  the  corpuscles  will  settle  down  to  the  bottom  of  the 
vessel.  Pour  off  the  supernatant  liquid  after  two  or  three  hours 
and  collect  the  sediment  on  a  filter,  where  it  is  to  be  washed 
with  a  solution  of  sodic  sulphate. 

(b)  Snip  off  the  apex  of  a  frog's  heart  and  let  the  blood  flow 
into  a  solution  of  sugar  (-^  per  cent.) ;  filter  rapidly ;  the  filtrate 
coagulates  immediately, 

(c)  Allow  the  blood  to  flow  into  a  cold  and  dilute  solution  of 
magnesic  sulphate  (2  per  cent.)  and  of  ammonic  chloride  (2 
per  cent.)     The  globules  sink  and  can  be  collected  by  filtration. 

(cZ)  One  of  the  most  ingenious  methods  is  to  collect  some 
venous  blood  in  a  tube  surrounded  by  a  freezing  nyxture,  and 
then  subject  the  tube  with  its  contents  to  a  continuous  and 
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very  rapid  horizontal  rotatory  motion  in  a  centrifugal  machine  ; 
the  globules  tend  to  collect  at  the  outer  end  of  the  tube  (Salet 
and  Dakemberg). 

(e)  Collect  some  horse's  blood  in  a  long  narrow  thin  glass 
cylinder  immersed  in  a  freezing  mixture.  After  a  couple  of 
hours  remove  the  fluid  from  the  deposited  corpuscles  by  means 
of  a  siphon,  and  wash  the  corpuscles  with  salt  solution. 

The'plas'ina  can  also  be  obtained  by  any  of  these  methods. 

5.  Experiments  with  Plasma. — {a)  Place  a  little  in  a  watch 
glass  and  warm  gently,  when  a  clot  forms,  owing  to  the  coagu- 
lation of  the  plasmin  present. 

(6)  Add  to  another  watch  glass  some  of  the  plasma,  and  four 
times  its  volume  of  distilled  water :  a  coagulum  will  form  after 
some  time. 

(c)  To  a  third  w^atch  glass  add  some  plasma,  then  a  little  mag- 
nesic  sulphate  solution  (1:4)  and  about  eight  parts  of  water: 
no  coagulation  will  occur  until  a  little  fibrin oplastin  is  added. 

6.  Preparation  of  Fibrinoplastin  and  Fibrinogen.— (ct)  Dilute 
a  little  serum  with  ten  times  its  bulk  of  cold  w^ater,  and  pass  a 
current  of  carbonic  acid  gas  through  it :  a  granular  precipitate 
of  fibrinoplastin  is  obtained,  which  will  settle  after  some  time. 
Saturation  of  the  serum  with  sodium  chloride  produces  the 
same  result. 

(b)  Dilute  some  hydrocele  fluid  with  ten  to  tw^enty  times 
its  volume  of  water,  and  by  saturating  it  with  sodic  chloride  in 
powder,  or  by  passing  a  current  of  carbonic  acid  gas  through  it 
for  some  time,  a  white  slimy  precipitate  oi  fibrinogen  is  obtained. 

7.  Preparation  of  Blood  Ferment. — Coagulate  fresh  ox  blood 
by  the  addition  of  20  volumes  of  alcohol  (85  per  cent.),  filter, 
and  after  eight  to  twelve  days  decant  and  dry  the  residue  over 
sulphuric  acid ;  then  pulverise  and  digest  the  powder  with  dis- 
tilled water.  By  reprecipitating  the  watery  solution  with 
alcohol,  and  drying  the  precipitate  again  over  sulphuric  acid, 
the  ferment  is  purified. 

8.  Preparation  of  Fibrin  Clot. — (a)  To  a  little  hydrocele 
fluid  add  some  serum,  and  after  a  short  time  a  clot  will  form. 
The  hydrocele  fluid  contains  fibrinogen,  and  the  serum  fibrino- 
plastin and  ferment. 

(6)  Prepare   fibrinogen    from    diluted    hydrocele   fluid  by 
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saturating  the  latter  with  sodib  chloride,  and  fibrinoplastin  by 
saturating  diluted-^erum  in  the  same  way.  Now,  after  washing 
the  precipitates  w^ell  with  a  little  water  to  remove  excess  of 
sodic  chloride,  they  will  soon  dissolve  when  more  water  is  added  ; 
mix  the  solutions  thus  obtained  and  a  clot  will  form. 

9.  Detection  of  Ammonia. — This,  as  a  rule,  can  only  be 
detected  in  diseased  conditions,  particularly  in  uraemia  and 
certain  zymotic  diseases. 

Place  the  fresh  blood  in  a  small  beaker  and  cover  with  a 
plate  of  glass,  this  being  rendered  more  or  less  air-tight  by 
smearing  the  points  of  contact  with  lard.  On  the  under  sur- 
face of  this  slip  of  glass  spread  out  a  few  drops  of  ammonia- 
free  dilute  sulphuric  acid  before  it  is  fixed  down.  Leave  the 
beaker  aside  for  an  hour  or  so  in  a  moderately  warm  room, 
and  then  test  the  dilute  sulphuric  acid  with  a  few  drops  of 
Nessler's  solution,  when  ammonia  will  be  shown  by  the  yellow 
coloration. 

Nessler's  solution  is  thus  prepared  :  35  grams  potassic  iodide 
and  13  grams  mercuric  chloride  are  added  to  800  c.c.  of  water, 
and  the  mixture  boiled  with  frequent  stirring  until  the  salts 
dissolve.  Then  a  cold  •  saturated  solution  of  mercuric  chloride 
in  water  is  carefully  added  until  the  red  mercuric  iodide  formed 
just  begins  to  remain  undissolved.  We  have  now  a  solution  of 
potassic  iodide  saturated  with  mercuric  iodide.  This  is  rendered 
alkaline  and  sensitive  by  the  addition  of  160  grams  caustic 
soda,  and  the  whole  diluted  up  to  1  litre.  A  little  more 
mercuric  chloride  must  be  added,  and  the  mixture  laid  aside  to 
settle.     The  reagent  should  have  a  yellow  tint. 


CHAPTEE  VIII. 

TESTS  AND  CHARACTERISTICS  OF  BLOOD, 

I.  Chemical  Tests  for  Blood. 

1 .  Immerse  a  piece  of  linen  rag  in  blood  and  dry  it.  Leave 
a  cutting  of  this  for  a  couple  of  hours  in  cold  water,  and  a  dingy 
red  solution  will  be  obtained,  some  of  the  colouring  matter  also 
gradually  collecting  at  the  bottom  of  the  vessel. 
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2.  Boil  a  little  of  the  solutiT)n  thus  obtained,  and  a  dirty 
red  coagulum  will  form.  Decant  the  fluid,  and  having  added 
to  it  a  little  caustic  potash,  boil,  and  a  solution  will  be 
obtained  which  will  be  red  by  reflected  and  green  by  trans- 
mitted light. 

3.  Add  a  few  drops  of  nitric  acid  to  a  little  of  the  coloured 
solution,  and  a  brown  coagulum  will  appear. 

4.  Boil  a  slip  of  the  stained  rag  in  water  to  which  some 
tannic  acid  has  been  added,  and  it  will  become  black  or  grey 
coloured. 

5.  Boil  another  slip  with  dilute  hydrochloric  acid,  and  add  a 
few  drops  of  potassic  ferrocyanide :  a  blue  precipitate  appears, 
indicating  iron. 

6.  Add  to  a  little  blood  twice  its  volume  of  caustic  soda 
(sp.  gr.  1*3),  and  a  flocculent  greenish  brown  precipitate  is 
obtained,  which  gradually  dissolves  ;  if  now  a  small  stoppered 
bottle  is  filled  with  the  solution  and  laid  aside,  it  will  after  a 
time  assume  a  violet  colour. 

II.  Practical  Exercises  with  the  Spectroscope. 

1.  Oxyhcemoglobin. — Examine  a  dilute  solution  of  blood  or 
haemoglobin  about  two-fifths  of  an  inch  thick  spectroscopically, 
and  the  two  bands  between  d  and  E  will  be  seen ;  note  that 
the  band  near  D  is  narrower,  darker,  and  better  defined  than 
the  other. 

2.  Spectroscopic  Examination  of  the  Circulating  Blood, — 
Bring  two  of  the  fingers  together  in  front  of  a  bright  light  in 
such  a  way  as  to  allow  a  faint  rosy  light  to  pass  through; 
examine  this  last  with  a  spectroscope,  and  the  two  absorption 
bands  of  arterial  blood  will  be  seen.  Then  apply  an  elastic 
ligature  to  the  two  fingers,  and  on  examining  as  before  it  will 
soon  be  noticed  that  instead  of  the  two  absorption  bauds  of  oxy- 
haemoglobin  the  single  band  of  reduced  haemoglobin  makes 
its  appearance. 

3.  Reduced  Haemoglobin, — Add  to  a  little  blood  or  haemo- 
globin solution  some  reducing  agent,  as  ammonic  sulphide, 
protochloride  of  tin,  or  the  ferrous  sulphate  mixture  (p.  241). 
Examine  rapidly,  and  a  single  broad  band  occupying  about 
three-fourths  of  the  space  between  D  and  E  will  be  seen. 
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4.  Hcematin.  (a)  Alkaline  Hoematin. — Add  a  little  ammonia 
or  caustic  potash  to  a  solution  of  blood  or  haemoglobin  ;  a  broad 
band  appears  between  c  and  D,  but  nearer  D  ;  with  concentrated 
solutions,  say  of  baric  hydrate,  the  band  extends  more  on  each 
side,  reaching  on  the  blue  side  nearly  halfway  between  D  and  E, 

(/3)  Acid  Hcematin, — Add  some  drops  of  acetic  acid  to 
the  small  tube  or  vessel  containing  a  moderately  concentrated 
solution  of'blood  or  haemoglobin.  Sometimes  it  is  advantageous 
to  add  in  addition  a  volume  of  ether  equal  to  that  of  blood. 
On  examination  several  bands  are  to  be  seen,  but  one  distinct 
black  band  in  the  red  is  to  be  looked  for,  almost  coinciding 
with  the  line  c,  and  extending  somewhat  on  each  side.  The 
position  and  character  of  this  band  vary  more  or  less  according 
to  the  acid  employed.  Preyee,  indeed,  partly  for  this  reason 
divides  these  acids  into  four  groups.  With  formic  acid,  for 
example,  the  band  lies  a  little  more  to  the  right  than  with 
acetic  or  phosphoric  acid,  and  with  oxalic  acid  still  further ; 
but  the  strength  of  the  acid  also  causes  a  variation. 

(7)  Reduced  Hcematin. — Treat  the  solution  of  acid  haematin 
used  in  the  previous  reaction  with  a  ferrous  salt,  and  two  new 
bands  appear,  one  beginning  near  D  and  extending  halfway 
between  d  and  e,  and  the  other  stretching  on  each  side  of  E. 

III.  Detection  of  Blood  in  Spots,  Stains,  &c. 

A.  By  the  3Iicroscope, — If  the  blood  is  still  liquid  place  a 
drop  of  it  on  a  slide  under  a  thin  cover  glass,  and  if  it  cannot 
be  examined  at  once  surround  the  margin  of  the  cover  glass 
with  a  little  melted  paraffin  or  wax. 

Note  the  shape  and  diameter  of  the  corpuscles,  and  whether 
nucleated  or  not. 

If  the  blood  spot  is  dry  it  must  be  softened  with  iodised 
serum  (prepared  by  adding  tincture  of  iodine  to  amniotic  fluid 
until  the  latter  acquires  a  faint  yellow  tint,  or  to  an  artificial 
serum  consisting  of  water  270,  sodic  chloride  0*4,  and  albumin 
30),  or  with  sodic  chloride  solution  (three-fourths  per  cent.),  or 
sodic  sulphate  solution  (one-half  per  cent.),  or  saturated  watery 
solution  of  arsenious  acid.  Eecent  blood  stains  are  bright  red, 
older  stains  of  a  reddish  brown.     With  recent  stains  softening 
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occurs  rapidly,  but  an  old  spot  may  require  days.  By  means  of 
a  capillary  tube  some  of  the  coloured  fluid  is  to  be  transferred  5 
as  before,  to  a  slide  and  examined.  Thin  threads  of  fibrin 
may  be  seen,  and  by  the  addition  of  acetic  acids  these  are 
rendered  more  distinct,  on  account  of  their  swelling  up  and 
assuming  a  gelatinous  aspect. 

As  it  is  very  important  to  discover  the  presence  of  the  cor- 
puscles, an  effort  should  always  he  made  to  find  them, 

B.  By  Chemical  Examination, — To  obtain  a  solution  of  the 
blood,  especially  if  it  is  in  the  form  of  an  old  dry  stain,  it  may 
be  necessary,  in  case  the  blood  is  not  removed  by  soaking  the 
stain  in  water,  to  seal  up  the  piece  of  stained  rag  in  a  stout 
glass  tube  containing  a  little  water ;  this  tube  is  then  suspended 
for  an  hour  in  oil  at  a  temperature  of  about  150°. 

A  solution  of  arsenious  acid  serves  well  as  a  blood  solvent, 
also  a  watery  solution  of  borax.  When  blood  is  diluted  with 
water  it  may  be  precipitated  with  acetate  of  zinc,  by  which 
means  it  may  be  detected  even  in  dilute  solutions. 

(a)  The  Guaiacum  Test, — Add  to  a  solution  of  the  blood 
some  tincture  of  guaiacum  and  a  little  ozonised  ether ;  the 
former  should  be  freshly  prepared  (p.  241),  and  the  ozonised 
ether  can  be  made  by  adding  oxygenated  water  to  pure  sul- 
phuric ether. 

The  test  may  also  be  thus  applied  :  Moisten  the  spot  with 
water  and  cover  it  wdth  several  folds  of  white  blotting-paper  that 
gives  no  reaction  with  the  guaiacum.  Now  press  the  paper 
very  firmly  down  upon  the  suspected  spot ;  if  blood  is  present 
the  paper  will  generally  acquire  a  yellowish  red  or  brownish 
stain.  Cut  this  stain  into  two  or  three  strips ;  treat  one  with 
ammonia,  and  note  if  a  scarlet  or  greenish  tint  is  obtained ; 
moisten  another  strip  with  spirits  of  turpentine  that  has  been 
exposed  to  the  air,  and  add  a  drop  of  the  tincture  of  guaiacum, 
and  to  the  third  slip  some  drops  of  the  guaiacum  tincture  and 
ozonised  ether.  Note  if  a  pale  or  indigo  blue  appears  in  a 
few  minutes  in  the  last  two  slips.  The  presence  of  nasal 
mucus,  saliva,  and  pus  interferes  with  this  test. 

(6)  The  stained  parts  are  to  be  scraped,  washed,  &c.,  and  a 
solution  prepared  with  as  little  water  or  borax  solution  as 
possible. 
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(j)  Drops  of  this  solution  are  then  to  be  placed  on  watch 
glasses  or  on  slides,  and  to  be  tested  in  turn  with  drops  of  the 
following  solutions  :  nitric  acid,  acetic  acid  and  ferrocyanide  of 
potassium,  and  tincture  of  nut  gall.  All  these  reagents  effect  a 
precipitation,  and  the  whitish  flocculent  opalescence  produced 
is  easily  recognised  under  the  microscope. 

(ij)  To  a  little  of  the  solution  add  a  drop  of  ammonia:  the 
red  colour  of  blood  is  not  altered ;  vegetable  reds,  however, 
become  blue. 

(iij)  Dissolve  a  little  of  the  stain  or  clot  in  boiling  caustic 
potash  :  the  stain  loses  its  colour  and  the  solution  obtained  will 
appear  reddish  by  reflected  and  greenish  by  transmitted  light, 
and  will  give  a  precipitate  with  nitric  acid. 

(iv)  To  a  little  of  the  filtered  solution  add  tungstate  of  soda 
solution  strongly  acidulated  with  acetic  acid,  and  a  reddish 
brown  precipitate  appears.  If  this  precipitate  is  dissolved  in 
ammonia  a  reddish  green  dichroic  solution  is  obtained. 

C.  By  the  Spect7'osGope. — This  method  requires  considerable 
care,  and  although  it  is  very  characteristic  the  results  are  not 
always  easy  to  obtain  unless  the  blood  is  sufficient  in  quantity. 
It  is  also  advisable  to  use  a  spectroscope  with  a  scale,  and  to 
note  the  exact  position  of  the  bands.  Both  the  oxyhaemo- 
globin  bands  are  seen  faintly  with  ^V^^  P®^  cent,  solutions  of 
hsemoglobin  (Peeyer).  The  solution,  if  too  dilute,  may  be 
evaporated  on  a  watch  glass  and  the  dry  residue  examined. 
This  same  dry  residue  can  then  be  used  for  the  preparation  of 
hsemin  crystals,  as  in  D. 

(a)  The  spots  or  stains  are  scraped  off  and  digested  in  water 
to  which  a  little  ammonia  has  been  added.  The  solution  so 
obtained  is  to  be  '  examined '  spectroscopically  in  as  thick  a 
layer  as  possible,  and  the  absorption  bands  of  oxyhsemoglobin 
looked  for.  If  the  two  bands  are  visible  then  add  two  or  three 
drops  of  ammonic  sulphide,  and  in  a  few  minutes  the  single  band 
of  reduced  haemoglobin  will  appear  ;  shake  this  last  solution  for 
some  time  in  the  air,  and  the  two  bands  will  reappear. 

(6)  If  the  haemoglobin  bands  cannot  be  found  satisfactorily, 
try  for  the  absorption  bands  of  haematin.  Mix  the  ammoniacal 
solution  with  glacial  acetic  acid  till  it  is  markedly  acid,  and 
transfer  it  to  a  small  stoppered  bottle  ;  add  its  own  volume  of 
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ether,  and  shake  well  for  a  short  time.  If  the  ether  does  not 
separate  readily,  add  glacial  acetic  acid  drop  by  drop  until  the 
precipitate  that  appears  is  deposited  or  redissolved.  The  ether 
then  separates  with  a  reddish  brown  colour.  This  coloured 
ethereal  solution  is  next  poured  into  a  small  glass  vessel  with 
parallel  walls,  and  examined  with  the  spectroscope  ;  if  not  too 
dilute  the  acid  hsematin  bands  will  be  seen,  particularly  the 
sharply  defined  band  in  the  red  (over  c)  and  a  less  intense 
band  in  the  green. 

(c)  Treat  a  portion  of  the  spot  with  a  few  c.c.  of  a  cold  satu- 
rated solution  of  borax  at  40°,  and  examine  spectroscopically. 
A  somewhat  similar  spectrum  may  be  obtained  with  cochineal 
solution,  purpurin-sulphonic  acid,  &c. ;  but  the  cochineal  is  de- 
colourised by  chlorine  water  without  yielding  a  precipitate  ;  and 
the  haemoglobin,  when  reduced  with  sodic  sulphide  (1  :  5),  gives 
the  single  band  of  reduced  haemoglobin. 

{d)  Dilute  a  portion  of  the  solution  with  five  to  six  volumes 
of  water,  and  precipitate  it  with  acetate  of  zinc  solution  (5  per 
cent.)  Dissolve  the  washed  precipitate  in  1  to  2  c.c.  glacial  acetic 
acid,  and  examine  spectroscopically  for  hgematin,  part  of  the 
precipitate  also  being  tested  as  in  d  for  hsemin  crystals. 

D.  By  the  Formation  and  Detection  of  Crystals  ofHwmin, 
— The  blood  spots  or  scrapings  are  treated  with  warm  glacial 
acetic  acid,  and  to  the  solution  a  few  grains  sodic  chloride  are 
added ;  heat  over  a  spirit  lamp  for  some  time,  fresh  acid  being 
added  if  necessary.  It  is  advisable  to  repeat  the  addition  of  the 
acetic  acid  several  times  and  to  heat  after  each  addition,  and 
the  formation  of  the  crystals  occasionally  seems  to  be  facilitated 
by  moistening  the  residue  after  each  evaporation  of  the  acetic 
acid  with  a  few  drops  of  water,  and  evaporating  this  in  turn 
before  the  next  addition  of  acetic  acid.  Finally,  the  whole  may 
be  evaporated  over  a  water  bath. 

The  entire  operation  can  be  satisfactorily  performed  upon  a 
glass  slide  (p.  249),  and  the  preparation  examined  micro- 
scopically after  the  addition  of  a  few  more  drops  of  acetic  acid 
and  the  application  of  a  cover  glass.  With  a  high  power  dark 
brown  rhombic  crystals,  often  arranged  in  stellate  groups,  make 
their  appearance. 

E.  In  cases  where  the  amount  of  blood  is  very  small,  not 
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more  than  a  drop  or  a  stain,  proceed  as  follows,  as  the  same 
specimen  serves  for  each  successive  test  (Hoppe  Seyler)  : — 

1.  Eemove  the  spot  or  stain  of  blood. 

2.  Macerate  it  in  a  little  water  contained  in  a  watch  glass. 

3.  If  no  proper  solution  occurs,  but  merely  a  separation  of 
the  colouring  substance,  dry  as  completely  as  possible  over  sul- 
phuric acid,  so  that  a  coloured  layer  may  be  deposited. 

4.  Apply  the  spectroscopic  test  to  this  deposit. 

5.  Then  try  to  produce  hsemin  crystals  by  adding  a  little 
sodic  chloride  and  ten  to  twenty  drops  of  glacial  acetic  acid, 
stirring  well  with  a  glass  rod ;  when  all  is  dissolved  evaporate 
rapidly  over  a  spirit  lamp  and  complete  the  evaporation  upon  a 
water  bath.  When  the  odour  of  acetic  acid  is  no  longer  per- 
ceptible examine  with  a  high  powder.  Instead  of  acetic  acid 
alone  a  mixture  of  chloroform  (6)  and  glacial  acetic  acid  (1) 
may  be  used  with  advantage  (Selmi). 

6.  Now  wash  the  contents  of  the  watch  glass  with  a  little 
water,  and  throw  upon  a  small  filter  ;  hsemin  is  insoluble  and  will 
remain  on  the  filter ;  treat  it  here  with  a  few  drops  of  caustic 
soda,  when  a  greenish  or  red  liquid  will  be  obtained,  according 
to  the  thickness  of  the  layer.  Evaporate  this  to  dryness  in  a 
porcelain  crucible,  calcine  the  residue,  and  dissolve  the  ash  in 
a  little  pure  hydrochloric  acid  ;  then  evaporate  the  excess  of 
acid,  add  a  few  drops  of  water,  and  test  for  iron  by  means  of 
ferrocyanide  of  potassium  and  potassic  sulphocyanide. 


CHAPTER  IX. 

ESTIMATION  OF  SINGLE  CONSTITUENTS  OF  BLOOD. 

In  many  of  the  following  weighings  it  is  best  to  allow  the  blood 
or  serum  to  flow  into  a  weighed  capsule,  and  by  a  subsequent 
weighing  of  this,  when  covered,  ascertain  the  increase  of  weight. 

1 .  "Water  and  Ash. — Twenty-five  grams  of  serum,  blood,  or  defibrin- 
ated  blood  are  dried  in  a  platinum  crucible  over  a  water  bath,  followed 
by  a  hot  air  bath  at  110°  to  120°.  The  loss  in  weight  is  due  to  the 
water,  but  the  weighing  should  be  repeated  several  times  till  a  nearly 
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uniform  result  has  been  obtained  after  repeated  heatings.  The  crucible 
is  next  cautiously  heated  in  a  tilted  position  over  a  Bunsen  lamp,  and 
the  temperature  gradually  increased  until  the  ash  is  of  a  reddish  white 
colour.  The  heat  must  not  "be  more  than  a  feeble  red  heat ;  and  it 
aids  the  combustion  if  after  the  water  has  been  ascertained  the  dried 
mass  is  removed  and  finely  powdered  before  being  ignited. 

2.  The  Soluble  and  Insoluble  Salts  and  Chlorides.— (rt)  The 
ignited  mass,  after  it  has  been  weighed,  is  to  be  repeatedly  digested 
with  water  and  then  filtered.  The  insoluble  residue,  after  having 
been  dried,  is  again  ignited  until  the  carbon  is  completely  burned. 
The  weight  of  the  residue  is  equal  to  the  weight  of  the  insoluble 
salts. 

(b)  The  filtrate  contains  the  salts  soluble  in  water.  Evaporate  it 
to  dryness  in  a  weighed  platinum  crucible,  heat  to  a  dull  redness,  and 
weigh  :  this  gives  the  soluble  salts. 

(c)  This  last  residue  is  dissolved  again  in  w^ater,  acidified  with 
nitric  acid,  and  the  chlorides  precipitated  with  silver  nitrate ;  the 
beaker  containing  the  mixture  is  next  to  be  covered  with  a  small  box 
or  otherwise  protected  from  the  light.  When  the  precipitate  has 
completely  settled,  the  supernatant  liquid  is  tested  with  a  drop  or 
two  of  the  silver  nitrate  to  ascertain  if  the  chlorides  are  entirely 
precipitated.  If  this  is  the  case,  collect  the  silver  chloride  on  a  filter 
whose  proportion  of  ash  is  known,  wash  it  here  with  water  containing 
nitric  acid  and  then  with  pure  boiling  water;  next  dry  at  100°,  and 
melt  the  separated  precipitate  in  a  porcelain  crucible;  novv  let  it 
stand  aside  and  cool ;  the  filter  is  then  cut  into  little  pieces  and 
placed  inside  the  crucible  cover,  and  when  it  has  been  carefully 
calcined  add  the  ash  to  the  silver  chloride  in  the  crucible.  This  is  to 
be  covered,  gently  heated,  allowed  to  cool  over  sulphuric  acid,  and 
weighed. 

Example. — Twenty-five  grams  defibrinated  blood  dried  and 
carbonised.  After  the  extraction  of  the  soluble  salts  and  the  com- 
plete combustion  of  the  carbon  the  insoluble  salts  weighed  0*022  gram. 

The  watery  solution  evaporated  in  a  platinum  capsule  and  heated 
to  faint  redness  gave  0*1 73  gram  residue  =  the  soluble  salts. 

The  solution  of  the  residue  in  water,  acidulated  with  nitric  acid 
and  precipitated  by  silver  nitrate,  gave  the  following  : — 

Grams 

Porcelain  cracible  with  silver  chloride  and  ash  of  filter  .    24-476 

24-231 


0-245 
Ash  of  filter 0-002 


Silver  chloride  0-243 
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Ag  =  108 

CI   =J5;5.^  35-5  X  0-243       ^  n«n  oi 

143-5  =  35-5  CI;    therefore  — --— —  =  0'060  CI. 

143-0 

Calculating  the  percentages  in  the  blood  from  these  results,  we 

obtain — 

Gram 
Insoluble  salts  .  .  .  0-086 
Soluble  salts         .        .        .    0-678 


Total  salts    ....     0764 

Chlorine       ....    0235  (Goeup  Besanez) 

3.  Fibrin. — Twenty  to  thii-ty  c.c.  of  blood  collected  directly  from  a 
vein  are  well  stirred  for  ten  minutes  or  so  with  an  ivory  or  whalebone 
spoon  in  a  previously  weighed  caoutchouc- covered  bottle,  the  spoon 
passing  through  a  slit  in  the  caoutchouc ;  weigh  again  ;  and  after  it 
has  stood  some  time  remove  the  cover  and  wash  the  resulting  fibrin 
with  a  little  dilute  sodic  chloride  solution.  The  fibrin  is  then 
collected  on  a  tared  filter  and  washed  with  dilute  sodic  chloride 
solution  and  then  with  pure  water ;  it  is  subsequently  transferred  to 
a  dish  and  washed  there  successively  with  water,  alcohol,  and  ether, 
and  after  being  dried  at  110°  it  is  weighed  between  clipped  watch 
glasses. 

4.  Fats. — Ten  grams  defibrinated  blood  or  serum  are  dried  over  a 
water  bath  and  then  in  a  hot  chamber  at  120°  ;  the  mass  is  pulver- 
ised, and  is  next  digested  repeatedly  with  ether,  and  the  ethereal 
solution  evaporated.  A  yellow  semisolid  fat  is  left  behind :  weigh 
this;  then  treat  with  cold  alcohol,  when  a  crystalline  fat  will  be 
removed  and  an  oily  fat  left  behind.  This  latter  may  be  weighed 
after  evaporating  off  the  alcohol. 

5.  Albumins,  &c.  {a)  By  Heat  Coagulation. — Five  grams  of  blood 
or  serum  are  diluted  with  25  grams  of  water,  then  acidulated  with 
dilute  acetic  acid  and  boiled.  The  coagulum  is  collected  on  a 
previously  dried  and  weighed  filter  and  well  washed  there  with 
water,  alcohol,  and  ether,  dried  at  110°,  and  weighed.  The  coagulation 
may  be  produced  by  boiling  20  grams  of  water  in  a  large  porcelain 
capsule,  and  then  adding  to  this  the  diluted  blood  or  serum ;  a  little 
acetic  acid  is  subsequently  added,  and  the  boiling  continued  until  the 
albumin  has  separated  completely. 

If  the  liquid  from  which  the  coagulum  has  been  separated,. together 
with  the  washings  of  the  latter,  is  evaporated  to  dryness  over  a  water 
bath  and  then  at  110°  for  some  time,  and  weighed,  we  obtain  the 
extractives  and  salts.     Calcine  completely,  let  cool,  and  weigh  again  : 
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the  loss  in  weight  corresponds  to  the  extractives^  while  the  difference 
is  the  weight  of  the  soluble  salts. 

(b)  Bi/  Alcoholic  Precipitation. — To  20  or  30  grams  of  the  blood  or 
serum  neutralised  with  dilute  acetic  acid  add  10  volumes  absolute 
alcohol,  lay  aside  for  a  few  days ;  next  collect  the  precipitate  on  a 
weighed  filter,  and  after  washing  it  with  dilute  spirit,  absolute 
alcohol,  ether,  and  hot  and  cold  water  in  succession,  dry  it  at  110° ; 
now  weigh  it  when  it  has  been  cooled  over  sulphuric  acid.  If  accurate 
results  are  required  the  coagulum  should  be  calcined  and  the  weight 
of  the  ash  obtained  subtracted. 

(c)  The  polariscope  can  also  be  employed  in  the  determination  (see 
under  Urine,  p.  508). 

6.  The  Corpuscles. — (a)  Defibrinated  blood  is  mixed  with  three 
times  its  volume  of  saturated  solution  of  sodic  sulphate,  laid  aside  for 
24  hours,  and  then  filtered.  The  corpuscles  remaining  on  the  filter 
are  then  plunged  into  boiling  concentrated  solution  of  sodic  sulphate, 
and  afterwards  washed  in  distilled  water,  dried,  and  weighed.  In- 
stead of  filtering  we  can  decant,  and  after  washing  the  deposit  with 
the  sodic  sulphate  by  decantation  we  add  to  it  four  times  its 
volume  of  alcohol,  which  renders  it  insoluble.  After  some  time 
the  alcohol  is  decanted  off,  the  deposit  washed  again,  dried,  and 
weighed  :  the  weight  will  be  the  haemoglobin  +  the  albuminoids  of 
the  corpuscles. 

(b)  Another  plan  for  the  estimation  of  the  corpuscles  is  bi/  eiiumera- 
tion.  A  known  volu  iie  of  blood  is  diluted  100  times  or  so  with  a 
neutral  fluid  ;  of  this  a  minute  quantity  is  taken,  and  the  corpuscles 
in  it  counted. 

(1)  Malassez'  plan  is  the  following  :  The  fiuger  is  pricked  and  the 
blood  sucked  up  into  a  fine  graduated  capillary  tube  provided  with  a 
dilatation  near  its  upper  end;  above  and  below  the  dilatation  is  a 
mark  :  by  drawing  the  blood  up  as  far  as  the  lower  mark,  and  then 
drawing  up  the  artificial  serum  till  the  upper  mark  is  reached,  we 
have  a  mixture  containing  1  per  cent,  of  blood.  The  two  fluids  are 
mixed  in  the  dilatation,  which  contains  a  small  glass  bead  to  facilitate 
the  intermixture.  A  10  per  cent,  solution  of  sodic  sulphate  may  be 
used  as  the  artificial  serum,  or  a  solution  thus  prepared  :  solution  of 
gum  Arabic  (sp.  gr.  1020)  one  part,  and  a  solution  of  equal  parts 
of  scdic  sulphate  and  sodium  chloride  having  a  sp.  gr.  of  1020 
three  parts.  The  blood  thus  diluted  is  next  introduced  into  a  gradu- 
ated flattened  capillary  tube,  and  a  portion  of  this  is  examined  with 
a  high  power,  the  eye-piece  of  the  microscope  being  provided  with  a 
micrometer  divided  into  square  millimetres.    The  process  of  enumera- 
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tion  must  next  be  proceeded  with ;  and,  knowing  the  length  of  the 
tuhe  covered  by  the  squares,  a  little  calculation  will  determine  the 
corpuscles  present  in  a  cubic  millimetre. 

(2)  Hayem's  method  as  modified  hy  Dr.  Gowers  is  effected  with  the 
following  parts  :  a  small  pipette  fitted  with  an  elastic  tube  holding  up 
to  a  mark  on  its  stem  995  cubic  mm.,  a  capillary  tube  marked  to 
contain  5  cubic  mm.,  a  glass  mixing  jar  and  stirrer,  and  a  brass 
stage  plate  provided  with  a  glass  slide  on  which  is  a  cell  i  mm.  deep 
and  whose  base  is  divided  into  jL  mm.  squares.  The  mixing  fluid 
consists  of  a  solution  of  sodic  sulphate  of  about  sp.  gr.  1025 ; 
995  c.mm.  of  this  are  placed  in  the  mixing  jar,  and  5  c.mm.  of  blood 
fresh  drawn  from  a  puncture  in  the  finger  are  transferred  by  means 
of  the  graduated  capillary  tube  to  the  same.  The  fluids  are  well 
mixed,  and  a  small  drop  is  transferred  to  the  centre  of  the  cell  on  the 
glass  slide.  This  is  covered,  and  the  slide  placed  on  the  stage  of  the 
microscope.  The  corpuscles  soon  sink  ;  the  number  in  10  squares  is 
then  counted,  and  this  being  multiplied  by  1 0,000  gives  the  number 
of  corpuscles  in  a  c.mm.  of  blood. 

The  blood  of  the  capillaries  contains  5 J  millions  in  each  c.mm. 
(cubic  millimetre),  and  about  1  pale  corpuscle  to  every  350  or  500 
coloured  corpuscles— a  proportion,  however,  which  is  greatly  increased 
in  certain  diseases,  and  normally  after  food. 

7.  Urea. — 100  grams  defibrinated  blood  are  placed  on  a  dialyser  that 
floats  in  about  100  c.c.  to  200  c.c.  of  absolute  alcohol.  In  a  few  hours 
the  fluids  of  the  blood  holding  the  urea  in  solution  will  have  dialysed 
out  into  the  alcohol.  The  contents  of  the  dialyser,  which  solidify 
after  a  time,  are  mixed  with  a  little  water  and  the  process  repeated, 
so  as  to  extract  all  the  urea  present.  Some  oxalic  acid  is  then  added 
to  the  alcohol,  and  this  is  evaporated  to  dryness  on  a  porcelain  dish. 
Crystals  of  oxalate  of  urea,  with  some  fat,  colouring  matter,  and  sodium 
chloride,  are  present  in  the  residue ;  and  by  treating  the  latter  with 
petroleum  naphtha  the  oxalate  of  urea  is  left  behind,  and  it  is  to  be 
dissolved  in  water,  mixed  with  baric  carbonate,  and  evaporated  to 
dryness ;  or  the  urea  can  be  extracted  by  ethyl  acetate  after  the  re- 
moval of  the  light  petroleum  (Haycraft).  If  the  latter  plan  is  not 
adopted,  then  boil  the  dry  residue  with  alcohol,  and  on  evaporating 
the  alcoholic  solution  pure  crystals  of  urea  are  obtained,  the  amount 
of  which  can  be  determined  by  weighing,  by  decomposition  with  sodic 
hypobromite  after  the  addition  of  a  little  sugar,  or  by  Simpson's 
method  (see  Urea). 

8.  Uric  Acid. — This  determination  is  rarely  required  except  in  cases 
of  gout  or  rheumatism.     The  serum  (about  20  c.c.)  is  dried,  and  the 
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residue  rubbed  up  with  hot  alcohol.  After  standing  some  time  the 
alcohol  is  decanted,  and  the  residue  digested  with  distilled  water  and 
then  boiled,  the  watery  solution  being  filtered  and  evaporated  to  a 
syrupy  consistence.  This  syrupy  fluid,  if  allowed  to  evaporate  spon- 
taneously, will  soon  show  on  its  surface  small  white  tufts  of  acicular 
crystals  of  urate  of  soda.  A  few  drops  of  the  solution  will  also  give 
the  murexid  test  (p.  452) ;  or  if  acidulated  with  acetic  acid  and  allowed 
to  evaporate,  crystals  of  uric  acid  will  form  in  abundance. 

A  rapid  modification  of  the  same  process  is  to  place  2  drachms 
of  the  serum  in  a  large  watch  glass,  acidulate  with  acetic  acid,  and 
after  inserting  a  linen  thread  in  the  fluid  set  it  aside  to  evapo- 
rate, and  uric  acid  crystals  will  soon  be  formed  along  the  thread 
(Garrod). 

9.  Sugar. — (a)  Dilute  the  serum  with  5  times  its  volume  of  water, 
add  dilute  acetic  acid,  boil,  and  filter.  The  concentrated  filtrate  is 
then  tested  for  sugar  with  Fehling's  solution  (Mering). 

(b)  To  separate  the  albumin  more  completely  it  will  be  found 
advantageous  to  put  the  serum  into  a  small  capsule,  and  having  added 
to  it  an  equal  bulk  of  coarsely  powdered  sodic  sulphate  crystals,  to 
boil  for  some  time;  then  filter,  wash  the  precipitate,  and  test  the 
filtrate  with  Fehling's  solution. 

(c)  Put  the  weighed  blood  into  a  mortar  and  rub  it  up  with  suffi- 
cient animal  charcoal  to  form  a  dry  paste  ;  then  mix  it  with  a  little 
water  and  filter,  washing  the  mass  on  the  filter  thoroughly  with 
water.     The  filtrate  contains  the  sugar. 

(d)  Precipitate  the  blood  with  strong  spirit  and  cover  the  coagulum 
with  4  times  its  volume  of  absolute  alcohol ;  filter  after  4  or  5 
days ;  decant  the  spirit  and  distil  it ;  extract  the  residue  with  more 
alcohol,  and  evaporate  again.  Now  test  a  solution  of  the  dry  residue 
for  s\igar  by  the  fermentation  process. 

(e)  40  grams  sodic  sulphate  in  small  crystals  are  placed  in  a 
beaker,  20  c.c.  blood  added,  and  the  beaker  and  its  contents  weighed. 
Stir  the  blood  and  crystals  together,  pour  30  c.c.  of  a  hot  concentrated 
solution  of  sodic  sulphate  over  the  mixture,  and  boil  for  some  time. 
Kemove  the  small  coagulum,  wash  it  thoroughly  in  more  of  the  sodic 
sulphate  solution,  and  add  the  washings  to  the  contents  of  the  beaker, 
which  are  then  to  be  boiled  and  filtered.  The  filtrate  is  to  be  again 
rapidly  boiled  with  excess  of  potassio-tartrate  of  copper  (20  to  30  c.c. 
Fehling's  solution).  Now  filter  through  glass  wool,  and  the  suboxide 
having  been  collected  and  washed  with  distilled  water,  dissolve  it  in 
a  little  nitric  acid  after  the  addition  of  a  few  drops  of  hydric  peroxide. 
The  dissolved  copper  has  next  to  be  electrolytically  deposited  on  a 
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platinum  spiral,  the  galvanic  action  requiring  to  be  steadily  and  con- 
tinuously maintained  for  at  least  twenty-four  hours.  The  increase 
in  weight  of  the  spiral,  after  it  has  been  washed  in  water  and  spirit 
and  subsequently  dried  over  a  water  bath,  multiplied  by  0'5678  gives 
the  amount  of  glucose  (Pavy). 


CHAPTER  X. 

PATHOLOGY  OF  THE  BLOOD. 


I.  Types  of  Pathological  Variations  (Gautier). 

1.  In  anaemia  and  chlorosis,  and  in  all  chronic  maladies 
generally,  as  a  consequence  also  of  haemorrhages,  we  find  the 
corpuscles  and  fibrin  diminished  and  the  luater  increased. 

2.  In  the  invasion  of  intermittent s,  in  the  decline  of  the 
exanthemata  (variola,  scarlatina,  &c.),  in  the  early  stages  of 
ph-thisis,  in  typhoid  conditions,  in  Bright's  disease,  and  in  some 
cases  of  chlorosis,  the  corpuscles  are  diminished,  the  fibrin 
normal  or  slightly  increased,  and  the  luater  increased. 

3.  In  plethora,  in  the  invasion  of  the  exanthemata,  in  the 
reaction  period  of  intermittents,  the  corpuscles  are  increased, 
the  fibrin  normal  or  slightly  diminished,  and  the  water 
diminished.  The  water  is  also  diminished  in  continued  fever, 
diarrhoea,  and  cholera. 

4.  In  the  early  period  of  inflammatory  fevers,  as  pneumonia, 
pleurisy,  erysipelas,  and  rheumatism,  the  corpuscles  are  normal 
or  dim^inished,  the  fibrin  increased,  and  the  water  normal. 
Later  in  these  diseases  the  corpuscles  fall  below  the  normal. 

5.  When  in  the  course  of  a  chronic  affection  an  inflamma- 
tion is  lighted  up,  as  in  the  last  stage  of  phthisis  or  in  typhoid 
fever,  then  the  corpuscles  are  diminished  and  the  water  a,nd 
fibrin  increased. 

II.  The  Blood  under  Pathological  Conditions  {after   GrORur 
Besanez).     (See  table,  p.  271.) 

The  oxygen  of  the  blood  increases  in  inflamed  conditions,  and  we 
generally  find  a  greater  proportion  than  the  normal  both  of  oxygen 
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and  carbonic  acid  in  the  blood  coming  away  from  an  inflamed  organ 
or  tissue. 

In  sejyticcemia  the  coloured  corpuscles  are  much  altered,  their 
specific  gravity  being  lessened,  and  some  loss  occurring  both  in  their 
salts  and  hsemoglobin.  There  is  an  increase  in  the  pale  corpuscles, 
the  fats,  urea,  and  carbonic  acid,  and  an  abundance  of  free  granules, 
bacteria  also  at  times  making  their  appearance,  as  well  as  an  occa- 
sional excess  of  lactic  acid  and  ammonic  carbonate ;  and  a  diminution 
in  the  amount  of  fibrin  and  albumin,  the  latter  body  also  appearing 
to  be  altered  in  quality ;  further,  less  oxygen  and  glucose  are  said  to 
be  present. 

In  chlorosis  the  number  of  the  coloured  corpuscles  is  lessened ; 
their  size  likewise  is  said  to  diminish  slightly,  as  also  the  proportion 
of  iron  and  hsemoglobin  present  in  them.  In  this  disease,  as  well  as 
in  leukaemia,  pyaemia,  and  puerperal  fever,  the  pale  corpuscles  are 
greatly  increased  ;  and  a  similar  increase  may  be  noted  in  some  cases 
of  tubercle  and  pneumonia. 

The  proportion  of  albumin  is  increased  in  chyluria,  intermittent 
fever,  cholera,  in  the  early  stages  of  typhus,  and  after  drastic  pur- 
gatives, but  diminished  in  most  diseases  in  which  the  fibrin  is 
increased,  particularly  where  much  exudation  occurs. 

The  fats  increase  when  the  circulation  is  interfered  with ;  also  in 
pneumonia,  chronic  alcoholism,  diabetes,  and  in  some  cases  of  acute 
and  chronic  poisoning. 

While  normal  blood  furnishes  from  O'l  to  0-4  per  cent,  of  dry 
fibrin,  the  proportion  has  been  found  as  high  as  1  to  1-2  per  cent,  in 
acute  erysipelas,  and  from  0*5  to  1  per  cent,  in  acute  pneumonia.  An 
increase  occurs  in  the  early  stages  of  typhus,  dysentery,  puerperal 
fever,  chlorosis,  scurvy,  and  Bright's  disease ;  in  hydrsemia  it  is 
diminished. 

Leucin  and  tyrosin  make  their  appearance  in  the  blood  in  most 
cases  of  yellow  atrophy  of  the  liver. 

III.  Alterations  produced  by  Certain  Toxic  and  other  Agents, 
Haemorrhage,  &c. 

The  proportion  of  sugar  is  frequently  increased  after  poisoning 
with  chloroform,  chloral,  curara,  nitro-benzol,  and  amyl  nitrite. 

In  lead  2)oisoning  the  corpuscles  are  diminished  in  number,  but 
their  individual  volume  is  said  to  be  increased. 

Antimonial  compounds  act  rapidly  on  the  blood,  increasing  its  fat 
and  cholesterin,  and  apparently  diminishing  its  gases,  and  giving  it  an 
anaimic  character.     Under  the  use  of  arsenic  the  fat  and  cholesterin 
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increase ;  and  in  cases  of  antimonial  as  well  as  arsenical  poisoniiigs 
the  biliary  acids  have  been  noticed  to  be  increased. 

Under  the  influence  of  ■pJiosphorus  the  fat,  cholesterin,  and  fibrin 
increase,  the  albumin  diminishes,  and  the  corpuscles  are  altered,  the 
haemoglobin  occasionally  appearing  to  become  crystalline  in  their  in- 
terior. 

Quinine  and  alcohol  are  said  to  increase  the  volume  of  the  cor- 
puscles, while  morphine  and  carbonic  acid  produce  the  inverse  effect 
(Manassein). 

Bile  or  the  hiliary  acids  injected  into  the  vessels  cause  a  crystallis- 
ation of  the  haemoglobin,  the  corpuscles  undergoing  much  alteration, 
the  blood  being  rendered  ansemie  and  its  fat  and  cholesterin  increased. 
In  many  cases  of  jaundice  it  is  possible  that  somewhat  similar  results 
are  gradually  induced. 

Sulphuretted  hydrogen  renders  the  blood  brown  and  then  greenish 
in  tint ;  carbonic  oxide  gives  it  a  cherry  red,  chlorine  gas  a  greenish 
yellow,  and  arseniuretted  hydrogen  a  brownish  ochre  coloration — 
phosphuretted  and  antimonetted  hydrogen  having  a  similar  but 
weaker  action  than  this  last  gas.  Under  the  influence  of  nitrous 
oxide  there  is  a  tendency  to  a  displacement  of  the  oxygen  of  the 
corpuscles,  the  exhalation  of  the  carbonic  acid  at  the  same  time 
being  diminished;  the  blood  has  at  first  a  dark  tint,  but  it  afterwards 
assumes  a  bright  red  colour ;  there  is  further  an  increased  excretion 
of  water,  urea,  and  uric  acid  by  the  kidneys. 

In  animals  poisoned  by  nitrites,  as  nitrite  of  amyl,  the  blood  is  of  a 
chocolate  colour,  with  abundance  of  methsemoglobin  (Hoppe  Seyler). 

As  the  result  of  hwmorrhages  the  corpuscles  diminish  in  number, 
but  the  fibrin  appears  to  increase  (Delafond),  although  some  maintain 
the  contrary.  Bleeding  increases  the  water  and  lessens  the  oxygen, 
but  it  aff*ects  slightly  or  not  at  all  the  proportion  of  albumin  and 
salts.     The  blood,  however,  rapidly  recovers  its  normal  condition. 

In  dogs  that  were  allowed  to  eat  freely  after  blood-letting  it  was 
found  that  while  the  proportions  of  the  inorganic  constituents  of  the 
serum  remained  constant  the  organic  solids  diminished  suddenly  and 
continued  to  diminish  for  several  hours ;  after  which  time  they  began 
to  increase,  and  continued  to  do  so  till,  after  14  days,  they  exceeded 
the  normal  quantity.  When,  on  the  other  hand,  the  dog  was  kept 
without  food,  it  was  found  that  the  solid  substances  of  the  serum, 
which  had  diminished  immediately  after  the  blood-letting,  began  to 
increase  sooner  than  in  the  former  case,  so  as  to  exceed  the  normal 
amount  after  two  days.  In  this  experiment  it  was  noticed  that  when 
food  was  given  to  the  animal  the  proportion  of  solids  in  the  serum 
immediately  diminished. 
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Different  organisms  are  occasionally  to  be  met  with  in  pathological 
blood.  In  tub'erculosis,  for  example,  bacilli  are  present  in  great 
numbers,  and  appear  to  be  the  cause  of  the  disease.  They  may  be 
detected  in  the  serum  by  a  mixture  of  alkaline  methylene  blue  and 
vesuvine,  whereby  they  alone  are  coloured  blue  (Koch,  Baumgarten, 
Toussaint). 


CHAPTEK  XI. 

LYMPH  AND   CHYLE. 

The  lymph  carries  into  the  blood  the  products  of  the  func- 
tional activity  of  the  lymphatic  glands,  as  well  as  of  the 
retrogressive  metamorphosis  of  the  dififerent  tissues  of  the 
body.  While  the  chyle  is  the  assimilable  extract  of  the  chyme, 
the  lymph  may  be  regarded  in  great  part  as  the  overflow  of  the 
interstitial  fluid  which  is  constantly  being  renewed  and  modified 
by  the  blood. 

While  an  animal  is  fasting  its  chyle  is  clear  and  transparent, 
and  the  same  can  be  said  for  the  lymph  in  the  thoracic  duct ; 
indeed,  the  contents  of  the  lacteals  and  lymphatics  may  be  said 
to  be  identical  until  after  a  meal,  when  the  fluid  in  the  lacteals 
and  in  the  duct  becomes  milky  in  appearance,  owing  to  its  being 
chained  with  fatty  particles. 

I.  LYMPH.  Amount. — It  is  very  difficult  to  form  a  correct 
estimate  of  the  total  amount  of  lymph  and  of  the  interstitial 
fluids  of  ^Q  body.  All  the  constituent  parts  of  the  tissues  and 
organs  are,  we  know,  bathed,  as  it  were,  in  an  interstitial  fluid, 
which,  together  with  the  contents  of  the  lymphatic  vessels  in 
direct  continuity  with  the  interstitial  spaces  containing  this 
fluid,  has  been  estimated  as  high  as  one-third  to  one-fourth  the 
weight  of  the  body. 

Of  chyle  and  lymph  it  is  reckoned  that  for  every  220  lbs. 
of  body  weight  about  13^  lbs. — that  is,  a  quantity  of  fluid  equal 
to  the  whole  blood — pass  through  the  thoracic  duct  in  the  twenty- 
four  hours,  about  7  J  lbs.  being  chyle  from  the  intestine  and 
6  lbs.  lymph  from  the  tissues  (Schmidt). 

Physical  Properties. — Lymph  is  a  transparent,  whitish, 
opalescent,  or  even  yellowish  or  faintly  reddish,  slightly  viscid 
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fluid,  that  is  less  alkaline  than  blood,  and  having  a  density  of 
1022  to  1037,  or  occasionally  as  high  as  1045  (Krimer).  When 
removed  from  the  body,  lymph  coagulates  in  five  to  twenty 
minutes.  It  consists  of  plasma  and  corpuscles.  The  latter 
are  identical  with  the  pale  corpuscles  of  the  blood,  and  aie 
chiefly  derived  from  the  lymphatic  glands,  from  which  the  lymph 
is  constantly  carrying  these  bodies  in  great  numbers  into  the 
blood.  At  certain  points  of  its  course  the  lymph  also  contains 
small  fatty  granules  like  those  of  chyle,  and  coloured  corpuscles 
are  occasionally  met  with. 

Chemical    Composition. —Lymph  is  very  variable  in   com- 
position.    It  may  be  stated  generally  to  be — 


Water    . 
Solids    . 

Albumin     . 
Fat    . 
Extractives 

Ash    . 


to  98     per  cent. 


0-15 


The  solids  average  about  4  to  4*6  per  cent.,  and  the  sodic  chloride 
about  0*6  per  cent.  (Nasse). 

Human  Lymjyh,  ^^c. 
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The  sodic  chloride,  it  may  be  seen,  is  specially  abundant,  and  the 
phosphates  very  scanty. 

Schmidt  gives  the  following  analysis  of  the  lymph  of  a  cow  : — 
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.       4-42 
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3-43 

Organic  matter 
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017 
0-74 

0-96 
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0'56 

0-60 

Soda   . 

013 

0-06 

Potash 
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010 

Sulphuric  and  p 
and  earthy  ph 

hospl 
Dspha 
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.       004 
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The  lymph  cells  contain  an  excess  of  potash  and  phosphoric  acid 
as  compared  with  the  serum,  the  latter  having  an  excess  of  soda. 
The  serum  also  contains  in  suspension  a  few  fatty  granules  and  some 
pale  corpuscles ;  about  2  to  3  per  cent.,  or  even  more,  of  albumins 
coagulable  by  heat,  and  0'2  to  0*3  per  cent,  of  proteids  not  coagulable 
by  heat,  but  precipitable  by  alcohol ;  further,  it  contains  more  urea 
than  is  present  in  chyle  (about  0*019  per  cent,  in  the  cow),  and 
grape  sugar  is  always  preiient  (about  0*16  per  cent,  in  the  dog). 

Gases  in  100  Volumes  of  Lymph  at  0°  and  760  mm.  (Hammaesten). 

Oxygen O'O     to    0-10 

Nitrogen 1-12   „      1-82    ■ 

Carbonic  acid    ....  375     „   47- 13 

The  carbonic  acid  gas  is  more  abundant  than  in  arterial,  but  less 
so  than  in  venous  blood,  the  tension  in  venous  blood  equalling  3*9 
and  that  in  lymph  3  47  per  cent. 

II.  CHYLE. — This  fluid  is  the  assimilated  extract  of  the 
chyme,  being  absorbed  from  the  digested  food  by  the  intestinal 
villi,  and  forming  the  material  from  which  the  blood  is  con- 
stantly renewed. 

Physical  Properties.—  It  forms  a  milky  white,  or  occasion- 
ally a  yellowish  or  reddish  opaque  fluid,  having  an  alkaline 
reaction,  a  faint  smell,  a  saltish  taste,  and  a  sp.  gravity  varying 
between  1007  and  1022. 


T   2 
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In  its  passage  from  the  intestine  into  the  7'eceptaculum 
chyli  the  chyle  undergoes  important  modifications.  At  first  it 
contains  albumin  in  solution,  and  oily  matter  in  a  state  of  fine 
subdivision — the  molecular  base — and  is  uncoagulable  ;  but  as 
it  passes  onwards  and  has  traversed  a  lymphatic  gland,  cor- 
puscles (about  xoVo^  ^^^^  i^  diameter)  begin  to  show  them- 
selves ;  these  afterwards  increase  in  size  (^^-q-q  to  -3-0V0")  ^^^ 
acquire  a  more  distinctly  cellular  character,  the  fine  granula- 
tions at  the  same  time  diminishing  greatly  in  number ;  and 
the  fluid  becomes  coagulable  from  the  presence  of  fibrin.  Large 
granulations  are  also  met  with,  probably  debris  of  the  corpuscles, 
and  also  coloured  corpuscles  in  the  way  of  development.  The 
chyle  therefore  becomes  impoverished  in  solids,  and  particularly 
in  albumin  and  fatty  matters,  in  its  onward  progress,  and  en- 
riched in  corpuscles  and  fibrin. 

Chemical  Composition. — The  composition  of  the  chyle  is  very 
variable  not  only  in  different  animals  but  also  in  the  same 
animal  at  different  times.  It  is  made  up  of  formed  elements 
that  float  in  a  plasma.  Of  the  former  there  are  pale  corpuscles 
identical  with  those  of  lymph;  a  few  coloured  corpuscles, 
especially  in  the  thoracic  duct;  also  the  molecular  base,  con- 
sisting of  finely  granular  fatty  particles. 

The  plasma  generally  coagulates  pretty  rapidly,  and  gives 
a  fibrin  clot  and  serum.  Fibrin  is  absent  before  the  chyle  has 
passed  through  the  lymphatic  glands.  The  clot  becomes  pink 
in  the  air,  owing  to  the  presence  of  immature  coloured  cor- 
puscles. 

The  serum  contains,  dissolved  in  water,  the  following 
constituents  : — 

(a)  Globulin,  alkali  albuminate,  serum  albumin,  and  peptones  in 
small  amount,  rising  during  digestion  to  06  to  07  per  cent. 
(h)  Cholesterin,  lecithin,  and  fatty  soaps. 

(c)  Grape  sugar,  varying  in  amount  from  mere  traces  to  as  high  as 
2  per  cent. ;  and  a  diastatic  ferment  in  traces. 

(d)  Urea  (probably  a  constituent  of  the  intermixed  lymj)h)  and 
alkaline  lactates  (especially  in  the  herbivora  and  after  starchy  food). 

(e)  Inorganic  salts  of  the  alkalies  and  alkaline  earths,  iron,  phos- 
phoric acid,  &c. 
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Analysis. 
Human  Chyle  (0.  Rees).  Chyle  of  Dog  (Hoppe  Seyler). 

Per  cent.  Per  cent. 

Water 90-48  9067 

Solids  .         .        .         .         .       9-52  9-02 

Fibrin      ....  a  trace  0*11 

Albumin  ....  7-08  2-10 
Fats,  lecithin,  cholesterin, 

&c 0-92  6-48 

Extractives       .        .         .  I'O  Fatty  acids, 

soaps,  &c.     0-23 

Salts         ....  0-44  0-79 

In  the  ether  extract  of  chyle,  obtained  from  a  human  fistula,  the 
following  bodies  were  present  in  the  100  parts  : — 

Cholesterin 11-3  to  141 

Lecithin         .        .        .        .        .        .  7-5  „  8-8 

Olein 38-1)  ^^  ^^,^ 

Palmitin  and  stearin      ....  43-0 ' 

Chyle  of  Hcyrse  {C.  ^GBMTDT). 

Serum 96-74 

Clot 3-25 

Water 95-85  88-7 

Solids 4-15  11-2 

Fats 005  "0^5 

Soaps 0-03  0-03 

Fibrin —  3-89 

Albumin,  sugar,  and  extractives  .  308  6-59 

Hsematin —  0-20 

Sodium  chloride   ....  0-69  0-23 

Soda 0-11  .  0-13 

Potash 001  0-07 

Phosphates  and  sulphates,  (fee.     .  003  Oil 

The  mineral  salts  of  chyle,  which  appear  to  be  the  same  as  those 
of  liquor  sanguinis,  vary  from  0*7  to  1*4  per  cent.,  and  of  these  the 
chief  are  salts  of  the  alkalies.  A  diastatic  ferment  is  also  stated  to  be 
present  (Grohe),  and  the  sugar  is  said  sometimes  to  amount  to  as 
much  as  2  per  cent.  (Colin).  When  the  animal  has  been  fed  on  a 
purely  fatty  diet,  as  much  as  14-6  per  cent,  of  fat  has  been  found  in 
the  contents  of  the  thoracic  duct  (Zawilski.)  In  a  fasting  animal  the 
chyle  is  poorer  in  water  and  richer  in  solids,  particularly  corpuscles, 
fibrin,  and  albuminoids,  than  during  digestion. 

Methods. — 1.  Kill  a  rabbit  that  has  been  well  fed  some  three 
or  four  hours  previously,  and  having  opened  its  abdomen  and 
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drawn  out  a  portion  of  the  small  intestine,  try  to  collect  ^ 
little  chyle  by  plunging  a  capillary  glass  tube  into  the  in- 
testinal wall. 

2.  Examine  a  drop  of  this  on  a  slide,  and  observe  the  pale 
corpuscles,  w^hich  so  closely  resemble,  and  in  fact  are  identical 
with,  those  of  the  blood,  and  which  lie  in  the  ihidst  of  a  mass  of 
fine  granules,  mainly  fatty  in  their  nature — the  so-called 
^molecular  basis, 

3.  Now  irrigate  with  ether  and  note  that  the  granules  do 
not  disappear,  but  that  they  will  do  so  if  (4)  a  drop  of  caustic 
potash  or  acetic  acid  has  been  previously  added,  showing  that 
the  particles  are  invested  by  an  albuminous  coating  that  keeps 
them  from  coalescing. 

5.  The  rest  of  the  chyle  in  the  capillary  tube  should  be 
examined  from  time  to  time  under  a  low  magnifying  power, 
and  it  will  soon  be  seen  to  coagulate,  white  threads  of  fibrin 
separating,  as  in  the  coagulation  of  liquor  sanguinis. 


CHAPTER  XII. 

SEROSITIES  AND   TRANSUDATIONS. 

In  health  the  amount  of  serosity  is  very  slight.  It  is  generally 
clear  with  a  yellowish  tint  and  an  alkaline  reaction,  and  is 
coagulable  by  heat ;  it  contains  many  of  the  blood  constituents, 
and  among  others  one  or  more  of  the  fibrin  generators,  fibrino- 
gen being  the  more  common.  Some  of  the  fresh  transudations 
coagulate  rapidly  spontaneously,  while  others  require  the  addi- 
tion of  ferment  and  paraglobulin,  and  others  again  furnish  no 
coagulum.  Normal  transudations  are  quite  transparent,  but 
those  occurring  in  pathological  conditions  are  often  opaque, 
occasionally  milk  white  or  brown,  and  frequently  contain  pus 
or  epithelial  cells,  fat  granules,  cholesterin  plates,  and  altered 
blood.  Normal  transudations  are  poorer  in  solids,  and  particu- 
larly in  albuminoids,  than  blood  serum. 

I.  Physiological  Transudations. — Human  amniotic  fluid  is  a 
yellow  or  brownish,  often  turbid,  weakly  alkaline  or  neutral  fluid, 
having  a  very  variable  sp.  gravity  (1002  to  1028).     After  the  eighth 
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or  ninth  week  the  secretion  of  the  foetal  kidneys  is  mixed  with  it. 
Among  the  constituents  of  the  amniotic  fluid  we  find  mucin,  globulin, 
a  vitellin-like  body,  and  urea;  lactic  acid,  kreatinin,  grape  sugar, 
alkaline  carbonates,  and  free  carbonic  acid  have  also  been  found  in 
this  fluid  in  some  animals.  The  sediment  consists  of  mucus  cor- 
puscles and  epithelial  cells.  In  the  early  months  it  is  richer  in  solids, 
particularly  albumin,  than  it  is  at  a  later  period. 

Cerebrosjnnal  fluid  is  clear  and  strongly  alkaline  ;  its  proportion 
of  solids  is  small  (1*1  to  1'9  per  cent.),  and  it  is  particularly  poor  in 
organic  constituents.  Potash  salts  are  more  abundant  in  this  fluid 
than  soda  salts,  though  sodic  chloride  may  sometimes  be  the  chief 
inorganic  constituent  and  constitute  half  the  total  ash,  the  potassic 
phosphate  only  forming  about  a  third.  A  body  is  also  present 
resembling  sugar,  except  in  being  devoid  of  polarising  action  on  light. 
In  fractures  of  the  base  of  the  skull  this  fluid  sometimes  exudes  by 
the  ear. 

The  pericardial  fluid  generally  contains  fibrinogen  and  fibrino- 
plastin,  and  accordingly,  like  blood,  may  coagulate  spontaneously,  but 
fibrinoplastin  may  be  absent.  It  is  the  richest  in  fibrinogen  of  all  the 
normal  serous  fluids,  and  contains  about  4  5  per  cent,  solids,  of  which 
0*7  per  cent,  is  inorganic  and  3*8  per  cent,  organic,  2*5  per  cent,  being 
albuminous  in  its  nature.  The  amount  of  this  albumin  falls  in  cirr- 
hosis of  the  liver,  but  rises  in  Bright's  disease. 

The  aqueous  humour  is  clear  and  transparent,  weakly  alkaline,  and 
has  a  sp.  gravity  of  1003  to  1009,  and  contains  about  0*7  per  cent,  of 
sodium  chloride  and  0'05  per  cent,  of  potassic  phosphate. 

llie  synovia  is  the  liquid  secreted  by  the  synovial  membrane  of 
joints.  It  is  closely  allied  to  mucus,  and  in  its  formation  a  somewhat 
similar  process  possibly  occui'S.  Synovia  is  a  clear,  yellowish,  more 
or  less  viscid  and  thready,  alkaline  liquid,  containing  miich  mucin ;  it 
is  especially  rich  in  solids,  consisting  of  albumin,  fatty  granulations, 
and  salts,  especially  sodium  chloride  and  traces  of  alkaline  carbonates 
and  sulphates ;  its  composition,  however,  is  not  constant,  and  it  is 
affected  by  the  condition  of  the  joint  as  to  rest  or  activity  :  with  much 
exertion,  attended  with  increased  movement  of  the  joint,  for  example, 
the  synovia  diminishes  in  quantity,  becoming  more  viscid,  its  albumin 
and  mucin  augmenting  and  its  water  and  salts  decreasing. 


Water         .... 

\jyui.    oiLiw.   i:3a/i.i>K3   v^vic-; 

From  the  joint  of  an 
ox  at  rest  (stall-fed) 
.     96-9 

From  the  joint  of 
a  grazing  ox 

94-8 . 

Solids          .... 

.       31 

5-2 

Mucin      .         .         .         . 

.       0-24 

0-56 

Albumin  and  extractives 

1-57 

3-51 

Fats         .         .         .         . 

.       006 

007 

Salts        .         .         .         . 

.       113 

0-99 
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II.  Morbid  or  Pathological  Serosities  or  Transudations.— These 
are  produced  at  the  free  surface  of  serous  nieml)ranes.  In  the  normal 
state  a  serous  membrane  is  simply  moist,  but  in  many  diseases  a 
copious  exudation  occurs. 

The  character  of  the  liquid  differs  considerably,  according  to  the 
seat  of  its  production  and  to  the  presence  or  absence  of  inflammation, 
in  the  latter  case  the  exudation  not  being  so  rich  in  albumin,  salts, 
fatty  matters,  and  extractives.  The  age  of  an  exudation  considerably 
affects  its  solids,  as  the  water  may  be  absorbed,  and  accordi4gly  a 
greater  density  produced  ;  the  same  may  also  take  place  if  much  fluid 
is  lost  in  any  way  by  the  system  at  large,  as  after  profuse  diarrhoia 
or  sweating.  Less  albumin  also  is  likely  to  be  present  if  there  is  any 
continuous  loss  of  this  body,  in  consequence  of  hsemorrhages,  or  in 
Bright's  disease. 

The  ordinary  constituents  of  a  transudation  are  water,  serum 
albumin,  fibrinogen,  fats,  soaps,  cholesterin,  and  inorganic  salts  ;  also 
carbonic  acid  gas  and  traces  of  oxygen  and  nitrogen. 

Fluid  of  anasarca  is  clear  and  watery,  occasionally  slightly  yellow - 
ish  in  tint,  having  an  alkaline  reaction  and  a  specific  gravity  of  1005 
to  1010.  It  contains  serum  albumin  about  0*5  per  cent. ;  urea,  0*1  to 
0*2  per  cent. ;  and,  if  fresh,  grape  sugar  0*03  to  0*08  per  cent. ;  of  car- 
bonic acid  gas  there  is  present  about  17  per  cent,  loosely  and  7  to  24 
per  cent,  closely  combined,  together  with  traces  of  oxygen  and  nitrogen. 

Ascitic  fluid  has  a  specific  gravity  of  1008  to  1012 ;  the  inorganic 
constituents  amount  to  07  to  0*9  per  cent.,  while  the  organic  vary 
very  much.  The  colour  is  generally  yellow  and  the  reaction  alkaline. 
After  frequent  tappings  the  solids  diminish  in  quantity  ;  an  increase 
in  the  solids,  however,  is  a  favourable  sign  (M£hu).  A  poverty  in 
the  saline  constituents  may  also  be  looked  on  as  a  sign  of  imperfect 
nutrition.  The  proportion  of  fibrinogen  is  less  than  in  a  pleural 
effusion.  Among  its  organic  elements  are  found  urea,  uric  acid,  kreatin, 
xanthin,  and  cholesterin.  It  contains  about  10  per  cent,  of  carbonic 
acid  gas,  about  37  per  cent,  of  which  is  loosely  combined ;  there  are 
also  traces  of  nitrogen  and  oxygen.  The  ascitic  fluid  from  a  case  of 
tubercular  peritonitis  may  show  a  milky  layer  on  its  surface  after 
standing.  In  some  forms  of  ascites  also  fatty  granules  are  suspended 
in  the  fluid,  and  in  cancer  of  the  liver  a  precipitate  may  be  given 
with  basic  lead  acetate  which  becomes  blue  on  standing. 

Pleuritic  Fluid. — The  normal  secretion  is  too  small  to  admit  of 
analysis ;  in  abnormal  effusions,  however,  it  is  abundant,  having  a 
specific,  giuvity  of  1005  to  1020,  or  if  any  pus  is  present  the  density 
may  be  as  high  as  1029.  The  reaction  is  alkaline  unless  the  fluid  is 
very    purulent,    when    it    may   even   be    weakly  acid.       The    solids 
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generally  amount  to  5  to  7  per  cent.  The  carbonic  acid  gas  varies 
between  40  and  60  per  cent.,  but  the  presence  of  pus  diminishes  this 
proportion  greatly,  for  with  a  purely  purulent  effusion  it  may  fall  to  8 
per  cent. ;  only  mere  traces  of  nitrogen  and  oxygen  show  themselves. 

The  fluid  of  ovarian  cysts  contains  paralbumin  and  mucin,  as 
well  as  diflfel-ent  colloids  and  peptones ;  it  is  often  of  a  glairy  consist- 
ence. The  fluid  of  strumous  cysts  is  generally  brownish  red,  thin, 
and  strongly  alkaline ;  it  frequently  clots  on  cooling,  and  contains 
a  bod}^  like  -paralbumin.  In  echinococcus  cysts  the  fluid  is  mostly 
colourless,  neutral,  and  weakly  opalescent,  containing  1*4  to  2  per 
cent,  of  solids,  and  having  a  specific  gravity  of  1006  to  1015.  The 
amount  of  albumin  is  insignificant;  sugar  is  often  present  in  about 
^  per  cent.,  inosit  in  about  1  per  cent.,  together  with  traces  of  urea, 
kreatin,  and  succinic  acid. 

The  hydrocele  fluid,  according  to  Mehu,  is  very  rich  in  solids — 
even  more  so  than  blood  serum ;  fibrinogen  is  abundant,  and  fibrino- 
plastin  is  not  always  wanting,  although  it  is  never  present  except  in 
very  slight  amount,  and  only  in  a  small  proportion  of  cases. 

In  the  fluid  of  intestiiial  fluxes  the  potash  salts  generally  exceed 
those  of  soda,  and  a  considerable  amount  of  phosphoric  acid  is 
present;  sometimes  also  albumin,  much  mucus,  and  blood. 

Reference  has  already  been  made  to  the  gases  of  these  different  trans- 
udations, which  usually  contain  from  40  to  60  per  cent,  carbonic 
acid  gas,  exhibiting  a  high  degree  of  tension;  1  to  2  per  cent,  nitrogen, 
and  O'l  to  0*6  per  cent,  oxygen.  Pleuritic  eff"usion  and  fluid  of  hydro- 
thorax  contain  from  44  to  84  per  cent,  carbonic  acid  gas ;  hydrocele 
fluid,  about  65  per  cent. ;  dropsical  fluid  of  the  extremities,  31  per 
cent.;  peritoneal  fluid,  about  14  per  cent.  Of  oxygen  and  nitrogen 
proportions  varying  from  ^  to  2  per  cent,  have  been  obtained,  the 
nitrogen  being  more  abundant  than  the  oxygen  (Ewald  and  Planer). 


I.  Transudations  in  a 

Case  of  Albuminuria  (Schmidt). 

Cerebral 

Areolar  tissue  of 

Pleura 

Peritoneum 

ventricles 

extremities 

Water      .        .     96-39 

97-89 

98-35 

98-87 

Solids       .        .       3-60 

2-10 

1-64 

1-13 

Organic     .       2-85 

1-13 

0-79 

0-36 

Inorganic ,       0-75 

0-97 

0-84 

-    0-77 
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II.  Table  of  Ayialyses  of  Different  Serous  Transudations  {chiefly  Hvman') 
compared  n-ith  Blood  Serum  (altered  from  Gorup  Besanez). 


(jsjCo  snoacooniqog; 


(xaiWHDs)  xng  oxaa^iias^a 


(j.aiwHOs)  noi^tjS 
-and  ao^ju  xng  iT3ui;sa;ux 


sniBqcIaooap  ■  \\  oiuo.jq,'j 


(xaiiMHOs) 
sniBqdaoojp.^q  a-jnoy 


(NHxsanvwYH)  opoojpA'jj 


O         •^D         CC 


O         '-O         -> 


o 

QC 

<M 

(M 

o 

o 

5-1 

o 

' 

■- 

o 

o 

o 

§ 

o 

o 

o 

o 

o      o      o 


00         «0         CI         ^         O         (M 
^J         !— I         lO         C5         -^         C- 

w      i)       o      -^      o      o 


I    I    I 


(nHjrpf) 
uoisnga  oj;)utiyid  oiuo.iq3 


uoisnga  oj^!.tiio]d  o^noy 


.irmo£))  ping  inif  jbouoj 


•p       GO       00       O       ira       cf) 
M       is       o       o       lb       o 


p       ■<««       cs       ip 
o       c-<      .^       o 


(aanoA)  pnig  fi^psv 


I       2      ^ 


O        CO        o 


aajsiiq  }0  pinij 


(hohh^)  sjBax 


(uaiawHOT) 
9^8  JO  .moranq  snoajqiA. 


(aaxawHcri)  jitso  jo 
a^Ca  JO  jnoranq  snoonby 


MOO— (iMb'AVafVJV:) 

ptny  oiocfUBiiv 


(HINMOHOOHtl) 

pingot^om  ^v 


•epgiq  Buids  jo  pinij; 


(.-idOMvaTiaHOsxnos) 
ping  i-Buids-ojqajao 


Slid  JO  lutiaog 


umias  poooxa 


(jxiiKHOS)  'BnjSBid  pooja 


I   I 


I   I 


o   o   o   o   o   o   o 


-;H     Tt«     p     O     «     O 

o   o   o   o   o   o 


2     I     I 


I     I    I 


(^^   i>-   CO 


o   o   o 


o  o   o 


1    I    I    I 


2    I 


I    I    I 


I    1    I 


I-   o   o 


I    I    I    I    i 


o   o    Ji^ 


<»   «o   i.'S   00   t>-   c^ 

00    OJ    us    (M    C<»    »0 

:.■  6  6  f  5  f 


•1  8 


^  :§ 


.a   1    i 


2  ts  5  ts 

o  ^  p.  ^  ft 

•S  'S  S  S*  3 

y  O  (fl  o  .C! 

o  3  o  ^  o. 


-2  J  I 


^   05   fej   <l   W   f/^   P-i   CO   CM   :yj   W 


SEROSITIES  AND   TRANSUDATIONS.  283 

Compared  with  the  blood  serum  it  will  be  seen  that  the  fluids  of 
these  transudations  are  richer  in  water,  poorer  in  albumin,  still  poorer 
in  fibrin  generators,  bat  relatively  richer  in  crystalline  constituents. 
The  pleural  transudation  is  richest  in  albumin  and  soHds ;  then  follow 
the  peritoneal,  cerebro-spinal,  and  subcutaneous  cedematous  effusions. 


CHAPTER    XIII. 

PUS  AND  MUCUS. 

I.  PUS  is  a  creamy, opaque,  yellowish  white  or  greenish  grey 
fluid,  produced  as  one  of  the  consequences  of  inflammation. 
It  is  made  up  of  corpuscles  floating  in  a  serous  fluid.  The 
corpuscles  resemble,  if  they  are  not  identical  with,  the  pale 
corpuscles  of  the  blood  ;  they  appear  to  be  derived  chiefly  from 
the  blood  by  a  morbid  migration  of  its  pale  corpuscles,  although 
it  is  also  very  probable  that  some 
of  them  are  derived  from  a  later 
proliferation  of  the  connective 
tissue  or  other  corpuscles  in  the 
inflamed  tissue.  Frequently  also 
we  find  granulation  corpuscles, 
free  molecules,  molecular  debris,      ^^«-  '-^s.-pus  and  mucus  coupusclks. 

,«.,  ..,  -p  .  a,  inanentral  liquid;  6,  after  the  action 

ana  tatty  particles.       its    reaction  of  dilute  acetic  acid;  c,  mucus  from 

is  neutral  or  very  slightly  alka- 
line, this  depending  on  the  presence  of  alkaline  carbonates  and 
basic  phosphates  ;  and  it  has  a  mean  density  of  1032.  The 
serum  closely  resembles  that  of  blood,  and,  like  it,  contains 
serum  albumin,  fibrinoplastic  material,  a  casein-like  body,  and 
another  body  like  myosin ;  lecithin,  cholesterin,  fatty  acids,  and 
probably  also  xanthin  and  leucin  are  likewise  present,  particu- 
larly in  altered  pus,  together  with  about  eight  per  cent,  loosely 
combined  carbonic  anhydride  and  a  little  hydrogen  and  nitrogen. 
In  septicaemia  the  carbonic  anhydride  and  hydrogen  increase 
considerably,  serous  pus  being  especially  rich  in  these  gases. 

The  proportion  of  corpuscles  and  serum  is  variable  :  fresh  pus  of 
most  large  abscesses  contains  17  to  29  per  cent,  of  corpuscles;  the 
pus  of  some  inflammations  (meningitis,  iritis,  &c.)  may  be  made  up 
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almost  entirely  of  corpuscles ;  while,  on  the  other  hand,  the  pus 
coming  from  inflamed  bones  may  only  contain  2*5  to  3  per  cent,  of 
these  bodies. 

To  separate  the  corpuscles,  dilute  the  pus  with  a  solution  of  sodic 
sulphate  (1  part  saturated  solution  to  9  parts  of  water)  or  of  baric 
nitrate  (1  part  pus,  5  water,  5  concentrated  solution  of  baric  nitrate). 
After  some  hours  the  corpuscles  can  be  obtained  by  decantation  and 
then  Avashed  with  more  of  the  same  fluid. 

The  serum,  though  containing  in  great  part  the  same  components, 
differs  very  considerably  from  blood  plasma.  They  may  be  classified 
into  albuminoids,  as  serum  albumin,  serum  casein,  nuclein,  &c. ; 
fats,  as  oleates,  palmitates,  and  oleo-phosphoric  acid;  extractives, 
and  a  group  consisting  of  protagon,  lecithin,  and  cholesterin ;  also 
inorganic  salts,  as  sodium  chloride,  calcic  phosphate,  carbonate  and 
sulphate,  and  earthy  phosphates;  and  gases,  chiefly  carbonic  acid. 
In  some  kinds  of  pus  chondrin,  mucin,  glutin,  &c.,  have  been  met 
with. 

Pus  generally  gives  a  mean  dry  residue  of  12*7  per  cent.,  but  this 
is  very  variable. 

I.  Analysis  of  Pus  from  Abscess  of  Cheeli. 

Per  cent. 

Water 76-9 

Solids 23-1 

Albumin  and  dried  corpuscles    .         .         .         .18-0 
Fat  and  cholesterin    ......       2-4 

Extractives 1-9 

Alkaline  and  earthy  salts  .         .         .         .         .0*9 

II.  Mean  of  Three  Analyses  of  Pus  (T.  C.  Chaeles). 

Water 8827     . 

Solids 11-73 

Albumins 8-02 

Watery  extracts 1-89 

Alcoholic     „ 0-38 

Leucin,  tyrosin,  and  certain  extractives  .         .  008 

Cliolesterin        .......  0"34 

Lecithin,  cerebrin,  &c 0*38 

Fats 0-06 

Inorganic  salts 1-08 

Sodic  chloride 065 

Potassic  phosphate 0-19 

Sodic         „  0-09 

„     carbonate     ......  0*06 

Calcic  pliosphate 0-06 

Sodic  sulphate 003 
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III.  Brk'd  Pus  Corjmscles  (Hoppe  Seyler). 


. 

Per  cent. 

Albumin. 

.     13-43 

Nuclein  . 

.     33-45 

Lecithin  . 

.       7-04 

Fats 

.       7-01 

Cerebrin . 

5-08 

Extractives     . 

.       4-33 

Insoluble  bodies 

.     20-07 

Organic     . 

Sodium  chloride 

.       014 

„       phosphate  . 

.       0-61 

Potassic         „ 

.       1-20 

Earthy  and  iron  phosphates 

.       0-42 

Inorganic  . 

• 

IV.   Ask  of  Pus  (MiESCHER). 

Per  cent. 

Serum  contains  about 

.     0-75 

Dry  corpuscles  contain 

about     .     2-8 

97-63 


2-37 


Ash  of  Coi'j)usGles. 

Per  cent. 
Potassic  phosphate     .         .         .         .         .1-2 
Sodic  „  .         .         .         .         .     0-6 

Phosphoric  acid  in  organic  co'nbination    .     0-5 

Earthy  phosphates 0-4 

Sodic  chloride 01 

2¥ 

The  pus  will  therefore  be  seen  to  resemble  lymph  closely ;  where, 
however,  pus  has  lain  long  in  an  abscess  we  may  meet  with  peptones, 
leucin,  and  tyrosin. 

To  analyse  pics  add  to  it  a  dilute  solution  of  sodic-  sulphate,  and 
after  some  time  the  corpuscles  will  settle,  when  the  serum  can  be 
decanted.  Boil  a  little  of  the  serum,  and  a  coagulum  of  serum 
albumin  will  be  obtained ;  filter,  dilute  the  filtrate  with  much 
water,  and  add  a  little  acetic  acid  :  amyosin-like  body  is  pi'ecipitated. 
Filter  again,  and  test  for  gelatin  and  chondrin,  which  are  occasionally 
present,  adding  to  one  part  a  strong  solution  of  mercuric  chloride, 
which  precipitates  gelatin,  and  to  the  other  part  a  strong  solution  of 
alum,  which  precipitates  chondrin. 

To  test  for  the  cholesteiin,  lecithin,  fatty  and  albuminous  mate- 
rials contained  in  the  corpuscles,  consult  the  directions  given  under 
these  dififerent  bodies,  or  follow  the  table  given  on  p.  290. 

The  pus  corpuscles  are  protoplasmic  in  their  nature,  and,  as 
their  composition  is,  or  at  least  is  supposed  to  be,  identical  with 
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that  of  the  pale  corpuscles,  the  opportunity  may  here  be  taken 
of  studying  their  protoplasm,  which  may  be  regarded  as  a  type 
of  animal  protoplasm  in  general. 

Protoplasm  of  Pus  Corpuscles,  {a)  Organic  Constituents. 
1.  Alpuniins, — There  are  at  least  five  forms,  of  which  three 
are  soluble  in  water — an  alkali  albuminate,  an  albumin  spon- 
taneously coagulable  at  48°  or  49°,  and  a  body  like  serum 
albumin,  coagulating  at  70° — and  two  insoluble  in  water,  of 
which  one  is  an  albumin  insoluble  in  sodic  chloride  solution, 
and  dissolved  with  difficulty  by  dilute  hydrochloric  acid  of  -^^ 
per  cent.,  and  the  other  a  hyalin  substance  (Rovida)  of  the 
nature  of  fibrin  and  allied  to  globulin,  which  is  soluble  in  hydro- 
chloric acid  y^o  per  cent,  and  in  1  per  cent,  soda  solution  (this 
forms  the  chief  mass  of  the  protoplasm  of  the  pus  corpuscle). 

2.  In  addition  to  these  albumins  there  are  also  lecithin, 
cerebrin,  cholesterin,  fatty  soaps,  and  certain  badly  known  ex- 
tractives ;  in  the  living  and  yet  amoeboid  cell  glycogen  is  found. 

Gelatin,  chondrin,  and  paraglobulin  are  not  present ;  nor 
in  the  fresh  pus  do  we  find  free  fatty  acids,  leucin,  or  tyrosin. 

(6)  Inorganic  Constituents, — Salts  of  ^wtassium,  sodium, 
calcium,  magnesium,  and  iron ;  part  of  the  sodium  is  in  the 
form  of  chloride,  and  the  rest  of  the  sodium,  together  with  the 
remaining  bases,  are  probably  present  as  phosphates. 

The  nuclei  of  the  pus  corpuscles  contain,  besides  lecithin 
and  traces  of  ash,  a  body  called  nuclein,  that  forms  their  chief 
component.  A  soluble  and  an  insoluble  modification  of  this  body 
are  described.  This  body  has  also  been  described  as  present 
in  spermatozoa,  hepatic  cells,  and  nuclei  of  blood  corpuscles. 

Nuclein,  C29n4,jN9P302o.  Preparation. — Treat  pus  corpuscles 
several  times  with  warm  alcohol  to  separate  the  fats  and  lecithin ; 
then  digest  the  residue  with  artificial  gastric  juice  at  37  to  40°.  After 
24  hours  collect  the  separated  nuclei,  which  will  be  found  in  the 
bottom  of  the  vessel,  in  a  small  loose  filter,  and  wash  them  there 
with  ether  and  then  with  cold  water  until  the  washings  give  no 
albumin  reaction  with  tannic  acid.  Now  extract  the  washed  nuclei 
two  or  three  times  with  warm  alcohol.  The  purified  mass  is  lastly 
extracted  with  very  dilute  caustic  soda,  the  solution  filtered  and  pre- 
cipitated with  hydrochloric  acid,  and  the  solution  and  precipitation 
again  repeated.  The  precipitate,  when  well  washed  \vith  boiling 
alcohol,  is  soluble  nuclein,  having  the  composition — 
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Per  cent. 

c      . 

-.  .     49-6 

11     . 

.       7-0 

N       . 

.    1  to 

Per  cent. 

P 

.       2-5 

s 

.       1-8 

0       . 

.     251 

The  residue,  insoluble  in  the  dilute  caustic  soda,  and  which  forms 
the  greater  part  of  the  nucleus,  is  the  insoluble  modification  of 
nuclein.  It  is  soluble,  however,  in  moderately  strong  solutions  of 
the  caustic  alkalies  and  in  strong  hydrochloric  acid  ;  treatment  with 
the  latter,  indeed,  changes  it  into  the  soluble  form. 

Nuclein  is  colourless  and  amorphous,  slightly  soluble  in 
water,  but  readily  soluble  in  the  alkalies  and  alkaline  carbo- 
nates. Chloride  of  zinc,  sulphate  of  copper,  and  nitrate  of  silver 
precipitate  its  solutions. 

Some  chemists,  it  should  be  said,  consider  this  body  to  be 
a  mixture  of  one  or  more  organic  phosphorus-holding  combina- 
tions with  albumin. 

Abnormal  Constituents. — The  body  named  pyin  is  really  a  mix- 
ture of  albumins  and  not  a  chemical  individual.  It  can  be  obtained 
by  digesting  recent  pus  with  sodic  chloride  solution  (10  per  cent.)  and 
filtering  after  24  hours.  The  insoluble  residue  is  treated  with  dilute 
hydrochloric  acid  and  then  filtered,  the  filtrate  next  treated  with  soda, 
and  the  precipitate  collected  and  dried. 

The  so-called  ijyocyanin  (Fordos)  is  no  normal  constituent  of  pus, 
but  is  due  to  the  presence  of  special  blue-coloured  vibriones.  A  blue 
colour  is  occasionally  seen  upon  the  bandages  of  suppurating  wounds; 
it  can  be  extracted  from  these  by  macerating  the  coloured  pieces  in 
weak  alcohol,  then  evaporating  the  alcohol,  filtering  hot,  and  shaking 
lip  the  filtrate  with  a  little  chloroform ;  the  chloroform  is  next  de- 
canted and  treated  with  dilute  sulphuric  acid,  when  a  red  pigment 
passes  into  solution  in  the  acid,  while  a  yellow  pigment  (pyoxan  those) 
remains  in  the  chloroform.  The  acid  extract  is  saturated  with  baric 
hydrate,  and  the  filtrate  again  shaken  up  with  chloroform.  On 
allowing  a  drop  of  the  latter  to  evaporate  on  a  slide  fine  blue  needles 
will  be  seen  under  the  microscope. 

In  jaundice  the  pus  may  contain  bile  pigments,  and  in  diabetes 
sugar.  Formic,  butyric,  and  valerianic  acids  have  likewise  been 
met  with. 

11.  MUCUS  is  the  term  given  to  the  secretion  of  certain 
mucous  membranes,  which  are  generally  provided  with  the  so- 
called  mucous  glands,  but  which  in  certain  cases,  as  in  the 
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frontal  and  maxillary  sinuses,  the  tympanic  cavities,  &c.,  are 
devoid  of  them.  The  mucus  corpuscle  seems  to  be  formed  by  a 
sort  of  budding  of  the  epithelial  cell,  part  of  the  contents  being 
expelled  or  transuded  outwards,  an  open  cell  being  left  behind. 

This  mucus  is  found  in  the  mouth,  in  the  stomach  and 
intestine,  in  the  bile,  urine,  and  synovia,  in  nasal  and  bronchial 
secretion,  and  in  certain  tumours  (myxomata). 

Properties. — Mucus  is  very  variable  in  its  characters  and  re- 
actions, but  always  gives  somewhat  of  a  ropy  consistency  to  the 
fluids  containing  it.  Mucus  is  generally  bright  and  trans- 
lucent, but  sometimes  more  or  less  opaque  :  it  may  be  colour- 
less, white,  yellow,  or  greenish.  The  stringy  character  possessed 
by  mucus  depends  on  the  presence  of  mucin,  of  which  less 
than  1  per  cent,  is  capable  of  imparting  this  property  to  the 
fluid  in  which  it  is  present. 

Although  the  mucus  obtained  from  different  parts  varies, 
yet  this  mucin,  its  imporant  constituent,  is  always  the  same. 

Mucus  serves  to  protect  and  cover  surfaces,  and  in  the  case 
of  buccal  mucus  it  possibly  aids  the  saliva  in  its  action  upon 
sugar ;  it  serves  also  as  a  means  for  removing  from  the  body 
certain  organic  and  inorganic  excrementitious  materials. 

Buccal  mucus  is  a  transj^arent,  viscid,  and  alkaline  liquid, 
holding  epithelial  cells  and  mucus  corpuscles  in  suspension  ; 
stomaclial  mucus  is  thready,  greyish,  and  alkaline  ;  intestinal 
onucus  is  greyish,  viscid,  finely  striated,  alkaline,  and  rich  in 
fatty  particles  and  mucus  corpuscles  ;  vpsical  mucus  gives  a 
cloudy  appearance  to  urine  (p.  536)  ;  vaginal  mucus  is  slightly 
viscid  and  always  acid ;  that  of  the  neck  of  the  uterus  is 
slightly  viscid  or  gelatinous,  greyish,  transparent,  and  alkaline. 

In  the  normal  state  very  little  mucus  is  formed,  but  in 
mucous  catarrh  it  is  produced  in  large  amount.  It  is  then 
clearer  and  more  alkaline  than  normal,  but  at  a  later  stage  it 
becomes  thicker,  and  in  addition  to  abundance  of  epithelial 
cells  we  find  mucus  corpuscles  in  great  numbers,  as  well  as 
large  granular  exudation  corpuscles,  leucocytes,  and  fixtty  and 
proteid  granulations. 

There  appears  to  be  an  abundant  secretion  of  mucus  during 
digestion. 

Composition. —  It  generally  contains  mucus  corpuscles  similar 
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to,  if  not  identical  witL,  the  pale  corpuscles  of  the  blood,  fine 

fatty   granules,'- and    sometimes   crystals   of   cholesterin,    and 

consists  mainly  of  water  holding  in  solution  4  to  5  per  cent,  of 

solids  made  up  of  mucin,  traces  of  albuminoids,   extractives, 

fats,  and  mineral  salts. 

Analysis  of  Mucus.  ' 

Tracheal  Nasal 

,- -~- — —        ^, 

CWllIGHT)      (Berzelius)         (Nasse) 

Water 95-6  93-37  95-56 

Solids 4-4  6-63  4-44 

Mucin 3-2  5-33  237 

Extractives 04  1-04  0'98 

Fats —  —  0-28 

Inorgauic  salts    .         .         .         .0*5  0*56  O'Sl 
Chlorides,    carbonates,    sul- 
phates, and  phosphates  of 
soda  and  potash 

The  pyin  of  pus  differs  from  the  mucin  of  mucus  in  being  pre- 
cipitated by  mercuric  chloride  and  neutral  acetate  of  lead,  and  its 
precipitate  with  acetic  acid  is  insoluble  in  excess.  From  chondrin  it 
is  distinguished  by  its  precipitate  with  alum  being  insoluble  in  excess. 

Small  mucus  calculi  are  sometimes  met  with,  consisting  of  mucin, 
fat,  and  phosphate  and  carbonate  of  lime  and  magnesia. 


CHAPTER  XIV. 

METHODS  FOR  THE  EXAMINATION  OF  SEROUS  FLUIDS. 

Two  methods  are  given.  By  means  of  the  first  the  albu- 
minoid constituent  may  be  readily  determined,  and  by  the 
second  the  examination  may  be  made  with  more  completeness 
not  only  for  albuminoids,  but  also  for  numerous  other  organic 
and  crystalline  constituents. 

I.  dualitative  Analysis  for  some  of  the   Constituents  of  a 
Serous  Liquid  {after  Hoppe  Seyler). 

1.  Mix  part  of  the  liquid  with  10  to  20  times  its  volume  of  water, 
add  a  few  drops  very  dilute  acetic  acid,  and  then  pass  a  continuous 
current  of  caibonic  acid  gas  through  the  mixture  and  let  it  stand  ;  if 
a  flocculent  precipitate  forms,  then  a  globulin  or  alkali  albumin  is 
present. 

U 
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2.  The  above  flocculent  precipitate  is  divided  into  two  parts. 
(a)  Add  to  one  of  these  a  little  strong  sodic  chloride  solution ;  if  the 
precipitate  dissolves  the  liquid  contains  myosin  or  an  analogous  body. 
{h)  To  the  rest  of  the  precipitate  add  hydrochloric  acid  -^-^  per  cent. ;  if 
a  solution  occurs  the  precipitate  may  be  myosin,  fibrinogen,  or  casein. 

3.  Boil  the  liquid  decanted  from  the  precipitate  obtained  in  1  : 
a  coagulum  indicates  serum  albumin. 

4.  Add  to  some  of  the  serum  a  few  drops  of  defibrinated  blood 
(obtained  by  squeezing  a  blood  clot),  stir  well,  and  lay  aside  in  a 
moderately  warm  place  for  24  hours  :  a  coagulum  indicates ^6?*wio^e/i. 

6.  To  a  portion  of  the  original  liquid  add  a  little  pericardial 
serum  (ox),  and  if  a  coagulum  appears  it  is  due  to  the  presence  of 
fibrinoplastin. 

6.  To  a  little  of  the  liquid  add  acetic  acid  :  (j)  if  a  stringy  precipi- 
tate insoluble  in  excess  of  acetic  acid  or  sodium  chloride  is  formed, 
mucin  is  present;  (ij)  if  the  precipitate  formed  by  the  first  drop  or 
two  of  acetic  acid  dissolves  in  the  least  excess,  then  the  precipitate  is 
probably  jmralhumin.  To  confirm,  precipitate  a  little  of  the  original 
liquid  with  three  times  its  volume  of  alcohol,  filter,  dissolve  the 
precipitate  in  water,  and  let  the  solution  stand  aside;  if  paralbumin 
is  present  the  solution  gradually  becomes  more  or  less  viscid. 

II.  Examination  of  a  Serous  Liquid  {after  Gorup  Besanez). 
A.  Boil  a  portion  in  a  test  tube,  acetic  acid  having  been  added. 

1 .  A  coagulum  is  produced.     Divide  it  into  two  portions. 

{a)  Add  a  few  drops  of  hydrochloric  acid;  if  the  precipitate 
disappears  albumin  is  not  present,  but  probably  earthy  phosphates. 

(h)  If  the  precipitate  does  not  disappear  on  the  addition  of  the 
hydrochloric  acid,  add  more  of  the  same  acid  and  boil,  when  the 
precipitate  will  gradually  dissolve  with  the  formation  of  a  red  solu- 
tion—a?6t*7??.m. 

(c)  If  the  first  coagulum  obtained  on  boiling  is  reddish,  then 
htematin  and  globulin  are  probably  present ;  digest  with  alcohol  con- 
taining sulphuric  acid,  and  test  for  these  bodies  (see  under  Blood). 

2.  If  no  coagulum  is  produced,  proceed  as  follows ;  or  if  this  has 
occurred,  then  use  the  filtrate. 

(a)  Boil,  and  if  ooily  a  turbidity  is  produced,  add  acetic  acid  :  a 
flocculent  deposit  indicates  paralbumin.  Confirm  by  testing  with 
potassic  ferrocyanide  and  nitric  acid. 

(b)  Test  also  for  metalbumin  by  adding  alcohol ;  if  a  precipitate  is 
obtained  soluble  in  a  large  excess  of  water,  then  this  body  is  present, 
and  no  precipit;ate  will  be  given  with  potassic  ferrocyanide. 
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(c)  If  the  fluid  remains  perfectly  clear  on  boiling,  then  mix  a 
poition  with  'pot'assic  ferrocyanide  solution :  casein  or  globulin  is 
thrown  down. 

(j)  Boil  with  a  solution  of  calcic  chloride  and  test  with 

rennet :  a  precipitate  points  to  casein. 
(ij)  Neutralise  the  solution  after  it  has  been  made  acid  or 
alkaline  :  a  precipitate  points  to  globulin. 

B.  To  some  of  the  liquid  add  acetic  acid :  pyin,  mucin,  and 
chondrin  are  precipitated. 

(a)  Test  the  liquid  with  mercuric  chloride  :  pyin  is  precipitated. 
Confirm  with  tincture  of  galls  and  neutral  acetate  of  lead.  The 
precipitate  with  acetic  acid  as  well  as  with  alum  is  insoluble  in  excess. 

(b)  A  turbidity  may  be  due  to  chondrin.  Concentrate  some  of 
the  liquid,  and  if  chondrin  is  present  a  jelly  will  form  on  cooling. 
Confirm  with  alum  and  metallic  salts. 

(c)  The  precipitated  mucin  gives  a  rosy  red  coloration  with 
Millon's  reagent,  and  a  yellow  coloration  with  nitric  acid.  The 
precipitate  with  acetic  acid  is  soluble  in  excess. 

C.  Concentrate  a  little  to  a  small  bulk  and  leave  it  to  cool :  if 
gelatin  is  present  a  jelly  is  formed.     Confirm  with  mercuric  chloride. 

D.  The  original  liquid,  from  which  albumin,  if  present,  must  first 
be  separated  by  boiling,  is  evaporated  at  a  gentle  heat  to  one-third  its 
volume,  then  boiled,  and  left  to  cool.  A  precipitate  indicates  urates. 
Add  acetic  acid  and  examine  under  the  microscope,  when  rhombic 
crystals  of  uric  acid  will  be  seen. 

Confirm  by  the  murexid  test. 

If  the  precipitate  is  not  altered  by  the  acetic  acid  it  may  be  due 
to  calcic  sulphate,  magnesic  phosphate,  or  to  allantoin,  tyrosin,  calcic 
hippurate,  or  benzoic  acid. 

For  special  methods  of  detection  see  under  each  of  these  bodies  in 
the  general  text. 

E.  The  concentrated  liquid  gives  no  precipitate  when  cooled. 
Evaporate  to  a  syrup  and  leave  aside  for  several  hours ;  if  crystals 
form,  let  the  liquid  stand  some  time  longer  :  kreatin,  kreatinin, 
glycocin,  leucin,  allantoin,  taurin,  sarkosin,  inosit,  sodic  chloride,  &c., 
may  be  present. 

First  determine  if  the  crystals  are  organic  or  inorganic  by  heating 
a  portion  on  platinum  foil,  noting  if  any  charring  occurs  or  if  a  fixed 
residue  remains ;  then  examine  the  crystals  under  the  microscope. 
(For  identifying  tests  consult  the  text.) 

F.  The  syrupy  residue,  or  the  mother  liquor  from  which  the 
crystals  have  been  separated,  is  next  evapoiated  nearly  to  dryness, 
and  the  residue  exhausted  with  absolute  alcohol. 

tt2 
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(a)  Concentrate  a  little  of  the  alcoholic  solution,  then  dilute  with 
water,  and  test  for  bile  pig'me7it  with  yellow  nitric  acid  (p.  203). 

(b)  Treat  a  second  portion  in  the  siime  way,  but  apply  the  test  for 
the  biliary  acids  (p.  202). 

(c)  Evaporate  a  little  to  dryness,  dissolve  the  residue  in  water, 
and  test  for  sugar  with  Fehling's  solution, 

(d)  Evaporate  a  considerable  portion  to  a  small  bulk,  add  pure 
nitric  acid  to  the  residue  when  cooled,  and  immerse  the  vessel  in  ice- 
cold  water  :  laminated  crystalline  precipitate  indicates  urea. 

Confirm  with  the  ordinary  tests  and  note  if  any  hippuric  acid  is 
present. 

(e)  To  some  of  the  concentrated  alcoholic  extract  add  a  little 
syrupy  solution  of  chloride  of  zinc  :  a  crystalline  precipitate  may  be 
due  to  kreatin  or  kreatini?^ 

{/)  Heat  a  portion  of  the  concentrated  alcoholic  extract  with 
oxide  of  zinc,  fi.lter  hot,  and  evaporate  a  drop  of  the  fi.ltrate  on  a  glass 
slide ;  examine  the  deposit :  if  club-  or  tun-shaped  crystals  are  to  be 
seen,  then  lactic  acid  is  present. 

G.  The  residue  insoluble  in  the  alcohol  must  be  extracted  with 
water,  which  takes  up  casein,  pyin,  extractives,  and  soluble  salts ; 
then  with  dilute  caustic  potash,  which  dissolves  uric  acid,  hypoxan- 
thin,  and  guanin  ;  and  lastly  with  dilute  hydrochloric  acid. 

The  residue  may  contain  insoluble  albuminates,  mucin,  and  pro- 
bably silica. 

H.  Part  of  the  original  liquid  is  evaporated  to  dryness  and  the 
powdered  residue  exhausted  wdth  ether.  The  ether  extract  is  then  to 
be  evaporated  and  fats  looked  for. 


CHAPTER   XV. 
EPITHELIAL  STRUCTURES. 

I.  Epitheliums. — These  are  cellular  tissues  that  invest 
such  free  surfaces  as  the  skin  and  alimentary  canal,  or  such 
closed  cavities  as  the  vascular  and  lymphatic  systems.  The 
cells  are  united  together  by  a  sort  of  intercellular  cement, 
which  by  its  reducing  action  on  salts  of  silver  can  easily  be 
brought  into  view. 

Except   in  the    scales  on   the    surface  of   the    skin    these 
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epithelial  cells  are  provided  with  nuclei  as  well  as  with  a 
certain  amount-,  of  cell  contents  of  a  protoplasmic  nature, 
varying  much,  however,  with  the  age  of  the  cell,  but  generally 
formed  of  a  proteid  body  containing  granules  of  different  kinds 
in  its  substance,  such  as  fat,  pigment,  salts,  &c.  If  glandular 
epitheUum  is  also  included  here  we  find  the  cellular  protoplasm 
charged  in  addition  with  the  secretion  and  excretion  elements. 
Under  the  epithelial  tissues  are  epidermis,  epithelium,  hairs, 
and  nails,  &c.,  and  among  them  we  may  also  include  the 
crystalline  lens. 

Keratin. — When  one  of  these  epithelial  structures,  such  as  horn, 
is  finely  divided  and  digested  successively  with  boiling  water,  alcohol, 
ether,  and  dilute  acids,  a  body  remains  behind  of  more  or  less  in- 
constant composition,  to  which  the  name  keratin  has  been  applied, 
and  which  accordingly  cannot  be  regarded  as  a  pure  chemical  com- 
pound. 

This  keratin,  which  seems  to  be  the  chief  component  of  epidermic 
structures,  is  a  body  closely  related  to  albumin,  yielding,  like  it,  leucin 
and  tyrosin  when  decomposed  with  boiling  dilute  sulphuric  acid.  It 
also  contains  sulphur,  as  can  be  shown  by  boiling  some  hair  or  parings 
of  nails  with  a  little  caustic  potash,  and  then  adding  hydrochloric 
acid,  when  hydric  sulphide  will  be  evolved. 

Keratin  is  found  in  all  the  tissues  developed  from  the  ectoderm  or 
horny  layer  of  the  embryo,  and  is  more  or  less  characteristic  of  this 
layer,  just  as  haemoglobin  or  globulin  is  of  the  mesoderm  and  mucin 
of  the  entoderm. 

Keratin  is  an  albuminoid,  characterised  by  the  large  amount  of 
sulphur  contained  in  it,  which  is  in  part  loosely  combined.  It  is 
related  in  some  respects  to  elasticin.  Its  percentage  comjwsition  is 
C  =  50-51-6,   H  =  6-4-7-2,    N  =  16-2  -  17-9,    S  =  0-7  -  5-0, 


0  =  20  -  22' 

C 
H 

'4. 

Hairs  (Laer) 
.     50-65 
.       6-36 

Nails  (Muldbe) 
51-00 
6-94 

Epidermis  (Muldeu) 

50-28 

6-76 

N 

.     17-14 

17-51 

17-21 

0 

.     20-85 

21-75 

25-01 

s 

.       5-00 

2-80 

0-71 

Keratin  is  insolnble  in  alcohol  and  ether,  swells  up  in  boiling 
water,  and  is  soluble  in  the  caustic  alkalies ;  it  is  not  liable  to  de- 
compose, and  melts  when  heated,  burning  with  a  characteristic  smell 
Under  pressure  and  at  a  temperature  of  150°  keratin  dissolves 
partially,  sulphuretted  hydrogen  being  evolved  ;    and  the  solution  is 
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precipitated  by  acetic  acid  and  potassic  ferrocyanide.  When  boiled 
with  dilute  sulphuric  acid  or  the  caustic  alkalies,  keratin  furnishes 
aspartic  acid  and  the  volatile  fatty  acids  like  acetic,  butyric,  and 
propionic,  as  well  as  ammonia,  leucin  (10  per  cent.),  and  tyrosin 
(4  per  cent.) 

II.  Hairs  are  soluble  in  water  under  a  high  pressure,  and  the 
solution  is  precipitated  by  chlorine,  acetate  of  lead,  tannic  acid, 
and  the  mineral  acids.  They  are  soluble  also  in  great  part  in 
the  stronger  acids. 

Human  hair  contains  4  to  5  per  cent,  sulphur.  Silica  has 
also  been  found  in  hair  to  the  extent  of  0*11  to  0*22  per  cent. 
A  granular  brown  pigment  is  present  in  the  medulla  of  most 
dark  hairs,  but  it  is  wanting  in  white  and  even  in  brown 
hairs. 

Of  inorganic  constituents  the  amount  is  variable.  Nails 
are  rich  in  potassic  phosphate,  feathers  in  silica,  and  hairs  con- 
tain 0-5  to  0*7  per  cent,  of  ash.  Of  water  the  hair  of  the  head 
contains  13*14  per  cent.;  that  of  the  beard,  12*83  per  cent.; 
and  the  nails,  13*74  per  cent.  But  in  summer  the  proportion  of 
water  may  rise  to  30  per  cent. 

Ash  of  hair  may  be  stated  to  consist  on  the  average  of 
alkaline  sulphates  23  per  cent.,  calcic  sulphate  14  per  cent., 
oxide  of  iron  and  manganese  10  per  cent.,  and  silica  40  per 
cent. 

Ash  of  Iliman  Hair— in  th&  100  Parts  (Baudrimont). 

White  Red  Brown  Black 


Sodic  sulphate    . 

.     22-08 

18-43 

Calcic  phosphate 

20-53 

10-29 

10-13 

15-04 

„      carbonate 

16-18 

4-03 

5-60 

4-62 

„     sulphate  . 

13-57 

Silicates     . 

.     12-30 

42-46 

30-66 

6-61 

Oxides  of  iron    . 

.       8-38 

9-66 

10-86 

8-09 

Magnesia  carbonate 

.       5-01 

6-19 

4-26 

2-89 

Sodium  chloride 

.      trace 

0-94 

2-45 

3-30 

III.  The  Horny  Structures  are  insoluble  in  water,  alcohol, 
and  ether ;  soluble,  with  the  exception  of  nails,  in  acetic  acid 
after  long  boiling ;  they  swell  up  also  and  dissolve  in  hot  sul- 
phuric acid. 

Dilute  sulphuric  acid  acts  upon  these  bodies  as  upon 
albumin,  causing  them  to  yield  leucin,  much  tyrosin,  ammonia, 
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and  fatty  acids.  A  blue  or  violet  solution  is  obtained  by  heat- 
ing them  with,  concentrated  hydrochloric  acid.  Nitric  acid 
dissolves  them  at  a  gentle  heat,  colouring  them  yellow,  and 
yielding  oxalic  acid  as  a  terminal  product.  The  younger 
epithelial  structures  are  readily  soluble  in  caustic  potash,  but 
the  older  ones  are  insoluble  or  nearly  so.  Strong  boiling  alka- 
line solutions,  however,  decompose  them,  wdth  the  formation,  as 
with  albumin,  of  leucin,  tyrosin,  ammonia,  hydrogen,  and  volatile 
fatty  acids. 

IV.  The  Crystalline  Lens. — This  body  differs  somewhat  from 
every  other  tissue  in  the  body.  It  consists  of  a  parenchyma 
invested  by  an  elastic  capsule.  The  latter  is  quite  structure- 
less and  very  elastic  and  brittle. 

The  parenchyma  presents  a  layer  of  granular  and  nucleated  six- 
sided  epithelial  cells  that  lie  behind  the  anterior  layer  of  the  capsule 
and  connect  it  closely  to  the  chief  mass  of  the  lens,  which  consists  of 
flattened  hexagonal  bands  or  fibres,  about  5-^017^^  of  an  inch  wide, 
which  lie  in  layers  and  run  from  the  anterior  to  the  posterior  round 
the  margin  of  the  lens.  Each  fi.bre,  in  fact,  may  be  regarded  as  a 
greatly  elongated  epithelial  cell  (Babuchin),  and  this  accounts  for  the 
close  connection  between  the  fibres  and  the  layer  of  cells  behind  the 
anterior  thick  fold  of  the  capsule.  Every  fibre,  except  those  of  the 
centre,  is  provided  with  an  elliptical  nucleus  that  is  situated  mostly 
towards  the  margin  of  the  lens,  so  that  the  nuclei  form  a  curved  zone 
constituting  a  prolongation  of  a  regularly  arranged  series  of  epithelial 
nuclei  (Meyer).  All  these  fibres  are  flattened  in  the  plane  of  the 
laminse  in  which  they  lie,  and  are  six-sided  on  cross  section  :  by  some 
authorities  they  are  regarded  as  tubes  with  hyaUne  walls  and  a  fluid 
interior. 

The  density  of  the  lens  varies,  increasing  towards  the  centre, 
the  peripheral  layers  being  1*076  and  the  central  1*194;  the 
index  of  refraction  of  the  central  layers  is  also  greater  than 
that  of  the  peripheral. 

Its  reaction  is  alkaline,  and  water  forms  two-thirds  of  its 
substance,  the  solids  having  the  following  composition : — 

Lens  of  Ox  (Laptschinsky). 


Albumins    . 

.     34-93 

Fats    . 

.       0-29 

Lecithin 

.       0-23 

Soluble  salts 

.       0-53 

Cholesterin 

.      0-22 

Insoluble  salts    . 

.       0-23 
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Albumins    . 

.     85-37 

Alcoholic  extract 

1-45 

Cholesterin 

.       4-55 

AVatery           „     . 

2-76 

Lecithin 

.       0-8 

Sriluble  salts 

2-41 

Fat      . 

.       1-19 

Insoluble  salts     . 

1-45 

The  salts  are  made  up  of  chlorides,  sulphates,  and  phosphates  of 
the  alkalies,  with  calcic  phosphate  in  small  amount. 

According  to  Cahn  only  one  albumin  is  present — a  globulin  sub- 
stance like  vitellin.  The  lens,  however,  according  to  Laptschixsky, 
contains  at  least  two  albuminous  bodies,  one  soluble  and  the  other 
with  diflficulty  soluble  in  water,  but  readily  soluble  in  sodic  chloride 
solution.  According  to  Berzelius,  again,  if  the  lens  is  rubbed  up 
with  washed  sand  and  then  digested  with  water,  a  solution  is  obtained 
containing  crystallin  or  paraglohulin,  which  separates  when  a  current 
of  carbonic  acid  gas  is  passed  through  the  liquid ;  and  is  also  precipi- 
tated by  dilute  acetic  acid,  and  when  precipitated  is  insoluble  in 
water  containing  no  air  dissolved  in  it,  but  if  a  little  oxygen  is  passed 
through  the  water  in  which  it  is  suspended  an  opalescent  solution  is 
formed,  which  gives  a  coagulum  when  heated  to  93°.  In  addition  to 
this  paraglohulin  there  is  present  in  small  amount  a  body  resembling 
casein,  and  precipitated  by  the  addition  of  very  dilute  acetic  acid  to 
the  clear  filtrate  from  the  first  precipitate  ;  and  also  a  third  albuminoid 
body  in  the  filtrate  that  is  coagulated  by  heat  when  the  two  preceding 
bodies  have  been  removed. 

The  capsule  is  of  an  elastic  nature,  but  it  probably  containo  a 
keratin -like  body. 

After  death  and  during  life  a  coagulation  of  the  albumins  may 
occur,  leading  to  opacity;  an  opacity  may  also  be  produced  by  a 
separation  of  cholesterin  crystals,  of  earthy  phosphates,  or  of  carbonate 
of  lime;  fatty  degeneration  may  likewise  occur,  and  entozoa  may 
show  themselves. 

Another  epithelial  structure,  e^iamel,  should  he  taken  up  here,  but 
for  convenience  sake  its  constitution  will  be  given  under  Teeth  (p.  312). 
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CHAPTEE   XVI. 

CONNECTIVE  TISSUES. 

The  term  connective  tissue  has  been  variously  applied,  some 
liistologists  including  under  it  only  white  and  yellow  fibrous 
tissue,  while  others  regard  cartilage,  bone,  and  dentine  as  being 
of  the  same  nature  as  white  fibrous  tissue,  and  accordingly  group 
them  under  the  same  head.  As  the  name  implies  they  all  con- 
nect or  support  parts ;  they  have  also  more  or  less  of  a  common 
origin,  being  derived  from  similar  embryonic  cells,  that  develop 
around  them  a  matrix  or  intercellular  substance  in  which  the 
chief  developmental  changes  subsequently  occur ;  and  they 
often  in  parts  run  imperceptibly  one  into  the  other  in  such  a 
way  as  to  indicate  the  closest  relationship. 

The  connective  tissue  is  very  generally  spread  throughout 
the  body,  supporting,  binding,  and  investing  parts  and  organs, 
and  also  taking  an  important  share  in  general  nutrition,  as  the 
whole  connective  tissue  may  be  regarded  as  constituting  a  con- 
tinuous system  of  channels,  passages,  interstices,  and  reservoirs 
which  are  in  direct  relationship  with  the  lymphatic  system.  In 
areolar  tissue  the  spaces  are  large  and  freely  communicate,  but 
in  membranes  similar  spaces  exist,  though  they  are  much 
smaller,  constituting  delicate  channels.  Wherever,  in  short, 
the  tissue  is  found  it  presents  spaces  or  interstices  that  com- 
municate freely  and  form  a  system  of  lymphatic  spaces.  And, 
as  this  tissue  penetrates  into  all  the  organs  and  tissues,  it  will 
be  seen  that  the  arrangement  results  in  the  tissues  everywhere 
being  placed  as  it  were  in  a  great  lymphatic  sac,  just  as  the 
intestines  are  suspended  in  the  peritoneal  cavity  (Kanvier). 

As  its  structural  elements  connective  tissue  presents  cells,  fibres, 
mid  a  cement  substance  binding  the  fibres  together. 

I.  Cells. — These  are  either  fixed  or  amoeboid.  The  amoeboid  are 
of  the  nature  of  pale  corpuscles,  and  may  either  be  wandering 
leucocytes  or  buds  from  these  or  from  some  of  the  fixed  cells.  While 
some  are  of  the  size  of  pale  corpuscles,  others  are  much  larger,  and 
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are  chiefly  of  a  rounded  form,  although  some  are  oval  or  even  spindle- 
shaped  (as  occasionally  found  in  the  perivascular  cellular  tissue). 

The  fixed  cells  vary  in  shape,  but  they  are  generally  more  or  less 
flattened.  They  are  devoid  of  a  cell  wall,  although  fat  cells,  that  are 
derived  from  them,  develop  cell  walls  at  the  expense  of  the  peripheral 
portion  of  the  protoplasm. 

The  greatest  number  of  these  corpuscles  consist  of  a  granular 
protoplasm  with  a  granular  nucleus,  and  are  provided  with  branched 
processes ;  others  are  more  or  less  quadrilater-al  in  shape,  with  well- 
marked  nuclei,  but  devoid  of  processes ;  others  again  present  a 
fusiform  appearance,  though  many  thus  described  are  really  delicate 
flattened  bodies  seen  sideways  or  after  having  shrunk.  Waldeyer 
has  also  described  certain  other  cells  under  the  heading  of  connective- 
tissue  coi'puscles,  as,  for  example,  the  parenchymatous  cells  of  the 
suprarenal  capsule,  and  special  subendothelial  groups  of  cells  met 
with  in  the  testicles.  Peculiar  cells,  called  2)las'nia  co7yuscles  on 
account  of  their  peculiar  richness  in  granular  protoplasm,  are  likewise 
to  be  seen.  They  are  larger  than  the  wandering  cells,  and  are  round, 
oval,  or  spindle-shaped,  and  are  to  be  found  especially  in  the  peri- 
vascular tissue  and  in  the  connective  tissue  of  glands. 

In  adipose  tissue,  which  consists  of  a  series  of  rounded  or  polygonal 
cells  (^J^  to  -^^  of  an  inch  in  diameter)  filled  with  fat,  the  cells  may 
be  regarded  as  direct  derivatives  of  the  connective-tissue  corpuscles,  the 
particles  of  fat  gradually  invading  the  substance  of  the  cell,  swelling 
it  up,  and  compressing  the  nucleus  and  the  remains  of  the  protoplasm 
towards  the  exterior,  where  a  n:embranous  wall  has  already  been 
developed  at  the  expense  of  the  protoplasm. 

II.  Fibres. — These  are  of  two  kinds — the  wJiitef  which  are  very  fine 
unbranched  fibres,  with  indistinct  outlines,  lying  generally  in  wavy, 
tough,  and  flexible,  glistening  bundles ;  the  yellov^,  which  in  mass 
have  a  faintly  yellow  tint,  and  present  well-marked  outlines,  owing 
to  their  refracting  the  light  strongly,  also  branching  and  anastomosing 
freely.  The  yellow  are  much  more  brittle  than  the  white,  and  under 
manipulation  they  readily  break,  the  ends  curling  up  and  showing 
transverse  lines  of  fracture.  The  white  average  2 oirjo^  ^^  11 0^00  ^^ 
an  inch  in  diameter,  though  they  are  frequently  met  with  as  fine  as 
sTTwcy;  and  the  yellow  are  about  ^^i^o  to  tsooo- 

Acetic  acid  swells  up  the  white  fibres,  removing  all  appearance  of 
fibiillation,  while  it  has  no  such  action  on  the  yellow  or  elastic 
fibres. 

Both  sets  of  fibres  are  generally  associated  together,  but  one  or 
other  greatly  predominates,  so  that  while  in  tendons  and  ligaments, 
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for  example,  the  white  fibres  are  the  chief  constituent  elements,  in 
the  ligamentum  Tiuchse  and  the  true  vocal  cords  the  elastic  fibres 
greatly  preponderate.  The  white  fibrils  form  bundles  varying  in 
thickness,  and  these  bundles  lie  parallel  in  tendons  and  ligaments, 
and  more  or  less  parallel,  with  some  interlacement  nearly  in  the 
same  plane,  in  fasciae  and  membranes,  while  in  areolar  tissue  the 
bundles  lie  loosely  interlaced  in  difierent  planes,  and  in  the  cutis  and 
in  mucous  and  serous  membranes  the  interlacement  is  much  closer 
and  more  complicated.  The  elastic  fibres  and  the  connective-tissue 
corpuscles  lie  between  and  around  the  white  bundles. 

The  elastic  tissue  may  also  present  itself  in  the  form  of  close  net- 
works and  transparent  homogeneous  membranes.  The  retiform  tissue 
may  be  regarded  as  consisting  of  a  solid  plexus  of  fine  fibrils,  upon 
the  nodes  of  which  little  connective- tissue  corpuscles  are  usually 
fixed. 

III.  Cement. — The  fibres  are  held  together  in  bundles  by  a  trans- 
parent substance,  which  is  soluble  in  lime  or  baryta  water,  and 
precipitable  therefrom  by  acetic  acid,  this  precipitate  being  mucin. 
E-eference  has  already  been  made  to  the  affinity  of  this  cement  sub- 
stance for  silver  salts. 

Classification. — Four  varieties  may  be  distinguished  : — 

1.  Fibrillar  Connective  Tissue.  — (a)  White  Jlbrous,  fasciculated,  as 
in  ligaments  and  tendons;  or  membranous,  as  in  fasciae,  aponeuroses, 
&c.  (6)  Elastic,  also  in  fasciculated  and  membranous  forms,  as  the 
ligamenta  subflava,  true  vocal  cords,  and  capsules  of  lens  and  lungs. 

2.  Homogeneous  Connective  Tissue  occurs  chiefly  in  the  form  of 
membranes,  as  the  hyaloid  membrane  of  the  eye,  the  capsules  of 
Graafian  follicles,  &c. 

3.  Mucous  or  Jelly-like  Connective  Tissue  exists  chiefly  in 
the  embryonic  condition,  and  is  made  up  of  a  soft,  transparent  funda- 
mental substance,  in  which  lie  connective-tissue  corpuscles.  Examples 
are  found  in  Wharton's  jelly  of  the  umbilical  cord  of  the  young 
embryo  and  the  vitreous  humour  of  the  eye. 

4.  Reticular  or  Retiform.  Connective  Tissue  consists  of  a  close 
network  of  fine  branched  fibrils,  upon  the  nodes  of  which  little  con- 
nective-tissue corpuscles  are  flattened  out.  It  used  to  be  described 
as  a  network  formed  by  the  branched  processes  of  connective-tissue 
corpuscles.  Examples  are  met  with  in  the  framework  of  lymphoid 
tissues  and  the  neuroglia  of  the  central  nervous  system. 

Chemical  Composition. — The  white  fibrous  tissue  is  made  up 
of  collagen^  a  body  that  furnishes  glutin  or  gelatin  when  boiled 
in  water ;  and  the  elastic  tissue  yields  elastin.     These  bodies 
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have  already  been  described  (see  pp.  128-135).  In  their  de- 
veloping foetal  condition  the  white  fibres  yield  mucin  (p.  132) 
instead  of  gelatin,  in  which  respect  they  resemble  the  mucous 
and  retiform  tissues. 


CHAPTER     XVII. 

CARTILAGE. 

Cartilage  consists  of  cells  and  intercellular  substance,  by  the 
latter  of  which  it  is  essentially  characterised.  The  cells  possess 
no  distinctive  appearance,  their  only  specific  property  being  the 
possession  of  rings  of  intercellular  substance  ;  in  their  early  or 
active  condition  they  contain  glycogen,  while  in  their  inactive 
period  particles  of  fat  present  themselves.  In  the  adult  state 
each  cell  is  provided  with  a  capsule,  which  is  of  the  same 
nature  as  the  matrix,  but  it  is  devoid  of  this  covering  in  its 
young  condition. 

All  cartilages,  with  the  exception  of  the  articular,  are  covered 
on  their  free  surface  by  a  fibrous  membrane,  the  perichondrium, 
between  which  and  the  intercellular  substance  a  very  close 
union  exists. 

Classificatioil. — In  addition  to  foetal  cartilage  there  is  cellular 
cartilage,  in  which  little  or  no  intercellular  substance  exists ;  hyaline 
cartilage,  in  which  the  intercellular  matrix  is  more  or  less  clear  and 
free  from  fibres ;  and  fibro-cartilages,  in  which  the  matrix  is  pervaded 
by  fibres. 

1.  Cellular  Cartilage. 

II.  Hyaline  Cartilage.  1.  Temporary. — The  cells  are  small  and 
angular,  and  exhibit  no  definite  arrangement  unless  when  the  car- 
tilage is  about  to  undergo  ossification,  when  they  increase  in  size, 
multiply  by  endogenous  division,  and  arrange  themselves  in  rows 
perpendicular  to  the  line  of  ossific  deposit. 

2.  Articular. — Free  surface  devoid  of  perichondrium,  surface  cells 
flattened  in  the  direction  of  the  surface,  and  lenticular  in  shape,  deep 
cells  columnar  and  perpendicular  to  the  surface,  and  the  intermediate 
cells  more  or  less  rounded. 

3.  Costal  Type. — Free  surface  covered  with  perichondrium ;  surface 
cells  small  and  flattened  in  the  direction  of  the  periphery,  and 
forming  a  thick  layer ;  the  deeper  cells  larger  and  more  rounded,  and 
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the  deepest  cells  larger  still,  and  more  or  less  elongcated,  but  exhibiting 
only  a  slight  tendency  to  be  arranged  with  their  long  axes  perpen- 
dicular to  the  surface. 

{a)  Costal  cartilages. 

ih)  Ensiform  cartilage. 
'  (c)  Cartilages  of  larynx,  trachea,  and  bronchi. 

[d)  Kasal  cartilages. 

III.  Fihro-Cartilages.  1.  Wliite  Fibro-Cartilages. — The  matrix  is 
composed  of  connective- tissue  fibres.  Interarticular  fibro-cartilages, 
cartilage  deepening  joints  (as  the  glenoid  and  cotyloid),  intervertebral 
discs,  &c. 

2.  Elastic  Cartilages. — The  matrix  contains  networks  of  fine 
elastic  fibres.  Ear,  epiglottis,  Eustachian  tube,  and  the  small  car- 
tilages of  the  larynx. 

Chemical  Characters. — When  the  permanent  cartilages  are 
boiled  we  obtain  chondrin  as  the  product  (see  p.  130),  this 
being  derived  from  the  intercellular  substance  and  the  capsules, 
but  not  from  the  cells.  A  somewhat  similar  body  is  obtained 
by  boiling  the  cornea.  The  cartilage  cells  themselves  are  not 
made  up  of  ossein  or  chondrin,  but  contain  a  coagulable  globulin 
albumin,  which  gives  a  purple-red  colour  when  treated  with 
sulphuric  acid  and  sugar,  and  a  mahogany  brown  to  a  bluish 
violet  with  iodine  (particularly  the  young  cells).  Fatty 
granules  are  often  present,  especially  in  the  old  cells. 

The  intercellular  or  ground  substance  of  hyaline  cartilage 
consists  of  chondrogen  and  yields  chondrin  on  boiling ;  the 
matrix  of  the  connective  tissue  or  fibro-cartilages  consists  of 
collagen,  and  yields  gelatin  on  boiling  ;  while  by  boiling  the 
elastic  cartilages  only  a  part  of  the  intercellular  substance  is 
dissolved,  furnishing  gelatin,  the  rest  remaining  insoluble  and 
long  unaltered  by  caustic  potash,  acetic  or  sulphuric  acid. 

Cwnposition  (Hoppe  Seyler). 

Costal  cartilage  Articular  cartilage 
Water       ....     67-67  73-51> 

Organicmatter         .         .     30-13  24-87 

Mineral  constituents        .       2'20  1'54 

Costal  CaHilage — Man,  set.  20  (Fkommhertz  and  GuGERT). 

Water 6200 

Chondrin 3326 

Fat ,       1-33 
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Salts    . 

Sodic  carbonate 
,,     sulphate . 
Calcic  carbonate 
Sodic  chloride  . 
Magnesic  phosphate 
Calcic  „ 

Sodic  „ 

Potass' c  sulphate 
Oxide  of  iron  . 


3-40 
119 

082 
0-62 
0-28 
0-23 
0-U 
0-03 
0-04 
003 


Ash  of  Cartilage — Variation  with  Age  (Bibra). 
In  a  child  \  j'ear  old         ,         .         .     2*24:  per  cent. 


„     3  years  „ 
girl  ffit.  16  years 
woman  ait.  25  years 
man        .,    40 


3'00 
7-29 
3-92 
610 


Potassic  sulphate 

Sodic  „ 

„      chloride 
„      phosphate 

Calcic         „ 

Magnesic    „ 


Ash  of  Costal  Cartilages  (Bibra). 

Child,  Eet.  3  years  Man,  ast.  22 

.     48-68  26-66 

.     10-93  44-81 

.       7-18  6-11 

.       3-00  8-42 

.     21-33  7-88 

.       8-88  4-55 


Man,  £et.  40 
7903 
1-22 
1-95 
0-93 
13-09 
3-78 


Although  chondrin  has  ah-eady  been  referred  to,  the  opportunity 
may  here  be  taken  to  compare  its  percentage  composition  with  that 
of  several  aUied  bodies  : — 


C 

N 

11 

0 

S 

Albumin   . 

52-7  to  54-5 

15-4  to  16-5 

6-9  to  7-3 

20-9  to  23-5 

0-8  to  2-0 

Collagen 

5002 

18-06 

6-75 

24-59 

0-58 

Chondrin  . 

50-0 

14-4 

6-6 

28-4 

0'6 

Mucin 

49-5 

9-6 

6-7 

34-2 

Elasticin  . 

55-5 

16-7 

7-4 

20-4 

Keratin     . 

50  to  51-6 

16-2  to  17-9 

6-4  to  7-2 

20  to  22-4 

0-7  to  5-0 

Through  the  action  of  sulphuric  acid  albumin,  keratin,  and 
mucin  furnish  leucin  and  tyrosin,  but  chondrin  and  elasticin  only 
yield  leucin. 
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CHAPTER    XVIir. 

BONE. 

Bone  is  one  of  the  indifferent  or  mechanical  tissues  of  the 
body.  It  differs  somewhat  in  appearance,  as  well  as  in  chemical 
composition,  in  different  parts  of  the  body. 

General  Constitution  of  Bone  considered  Histologically. — Bone 
consists  of  a  series  of  layers  called  lamellcB,  which  are  arranged  round 
spaces  of  different  kinds.  These  spaces  are  the  Haversian  canals,  the 
cancellij  and  the  medullary  canal.  The  Haversian  canals  form  a 
comparatively  close  network  of  short  curved  tubes  throughout  the 
substance  of  the  compact  bone,  and  thus  establish  a  free  communica- 
tion between  the  exterior  of  the  bone  and  the  large  central  or 
medullary  cavity.  Towards  the  ends  of  the  same  bones  some  of  the 
Haversian  canals  open  up  into  the  cancellated  spaces,  which  may  be 
regarded  merely  as  dilated  Haversian  canals,  while  others  form  dilated 
loopings  and  curved  arches  beneath  the  articidar  cartilage.  Con- 
tained in  these  canals  are  the  blood  vessels,  and  in  the  largest  of  the 
canals  and  in  the  other  spaces  we  have  in  addition  red  and  yellow 
marrow.  The  blood  vessels  communicate  freely  with  those  of  the 
membrane  covering  the  exterior  of  the  bone,  the  periosteum,  and  with 
those  of  the  endosteum  in  the  interior  of  the  bone. 

The  lamellae  form  concentric  layers  round  all  these  spaces,  and 
where  the  latter  are  small  and  regular,  as  with  the  Haversian  canals, 
the  lamellae  are  numerous,  and  constitute  the  so-called  Haversian 
systems;  but  where  the  spaces  are  large  and  irregular,  like  the 
cancelli,  there  is  not  the  same  uniformity  in  the  arrangement  of  the 
lamellae,  nor  the  same  number  of  them  present.  In  bone,  after  it  has 
arrived  at  maturity,  we  have,  further,  concentric  lamellae  more  or  less 
parallel  with  the  periphery,  lying  round  the  exterior,  and  also  more 
internally  among  the  Haversian  systems,  although  the  latter  are 
found  at  a  much  earlier  period,  having  been  formed  under  the 
periosteum,  but  in  process  of  development  coming  to  lie  more  inter- 
nally among  the  subsequently-formed  systems. 

Between  the  lamellae  are  a  series  of  small  oval  spaces,  the  lacu7im, 
which  contain  the  bone  corpuscles,  and  from  them  radiate  a  set  of 
very  fine  branching  canals,  the  canaliculi,  for  the  more  complete 
irrigation  of  the  bone  tissue. 
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In  living  bone  a  certain  amount  of  absorption  of  old  bone,  and  a 
corresponding  growth  of  new  bone,  is  always  going  on,  the  former 
showing  itself  in  the  Haversian  spaces,  in  which  new  bone  is  laid 
down  in  the  form  of  concentric  lamellae. 

Chemical  Composition. — Although  bone  takes  the  place  of 
temporary  cartilage  in  the  organism,  it  is  derived  from  it  neither 
chemically  nor  anatomically,  the  cartilage  merely  acting  as  a 
temporary  substitute  for  it. 

Bone  consists  of  an  organic  substance,  ossein,  a  modification 
of  collagen,  intimately  combined  with  a  mineral  substance,  the 
so-called  bone  earth,  in  the  proportion  of  about  thirty  of  the 
ossein  to  seventy  of  the  bone  earth.  This  bone  earth  is  itself 
a  mixture  of  several  salts,  the  chief  of  which  is  tribasic  phos- 
phate of  lime,  Ca32P04  [or,  according  to  HoppE  Seyler, 
3(Ca32P04)CaC03] ;  there  is  besides  about  9  per  cent,  of  calcic 
carbonate,  3  per  cent,  of  calcic  fluoride,  and  1*7  per  cent,  of 
magnesic  phosphate.  Bone  also  contains  water  and  fat.  The 
general  composition  of  normal  undried  bone  without  any  separa- 
tion of  fat,  marrow,  or  blood  lymph,  may  be  given  as — 


Water 
Fat  . 
Ossein 
Bone  earth 


50-00  per  cent. 

15-75 

11-40         „ 

21-85        „        (HopPE  SeylerX 


11  to  14  per  cent,  of  the  water  is  combined  with  the  ossein, 
apparently  after  the  nature  of  water  of  crystallisation  in 
crystals. 

The  composition  is  thus  given  by  Heintz  and  Zalesky  : — 


Heintz 

Zalesky 

Organic  substances 
Inorganic        „               .        . 

30-47  to  31-12 
69-53  „  68-88 

34-56 
65-44 

Ash  in  100  parts- 
Calcium    .... 
Phosphoric  acid 
Carbonic        „ 
Chlorine    .... 
Fhiorine    .... 
Magnesium 

38-59  to  88-56 

53-75  „  53-87 

6-44  „     5-51 

1-76  to    1-58 
0-48 

40-13 
52-16 
7-81 
0'18 
0-23 
0-29 

BONE. 


30o 


Or  the  ash  may  be  thus  expressed  : — 
Tribasic  phosphate  of  lime  . 

„  „  magnesia  . 

Carbonate  of  lime         .... 
Calcic  fluoride  (including  chloride)     . 

Pfluger  obtained  5*84  per  cent.  CO2  from  bone  ash  by  the  action 
of  phosphoric  acid  on  the  ash  in  vacuo. 


83-89 

to    87-7 

104 

„       1-7 

8-9 

„     13-03 

0-76 

„       4-9 

Human  bone 
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Ossein    .         . 
Phosphate  of  lime  . 
Fluoride  of  calcium 
Carbonate  of  lime  . 
Soda,  with  sodic  chloride 
Phosphate  of  magnesia . 
Vessels 

32-17 
51-04 
200 
11-30 
1-20 
1-16 
1-13 

Compact 
31-5 

[        58-7 

^        101 

Spongy 
38-2 

50-2 

,1-7         1 

Table  slwwing  Injinence  of  Age,  ^ 

•C.  (BiBRA). 

Child  (2  months) 

Middle-aged  man 

Tibia 

Uhia 

Femur 

Rib 

Phosphate    of    lime,    with    a    little 

calcium  fluoride      .... 

57-54 

56-35 

59-63 

55-66 

Carbonate  of  lime       .... 

602 

6-07 

7-33 

6-64 

Phosphate  of  magnesia 

1  03 

1-00 

1-32 

1-07 

Soluble  salts       ..... 

073 

1-65 

0-69 

0-62 

Ossein 

33-86 

31-92 

29-70 

33-97 

Fat      ......         . 

0-82 

101 

1-33 

2-04 

The  different  bones  of  the  .skeleton  differ  slightly  one  from  the 
other  in  chemical  composition;  and  the  inorganic  constituents  are 
said  to  increase  with  age  (Bibra)  ;  but  the  increase  is  only  very  slight 
(FREMY),^the  greater  fragility  being  due  to  the  increased  porosity  of 
the  bone  in  old  age.  Compact  bone  is  about  7  to  8  per  cent,  richer 
in  inorganic  constituents  than  spongy  bone  (Frerichs)  ;  and  while 
the  spongy  bone  is  richer  in  water  than  the  compact,  the  bones  of 
thin  people,  as  a  rule,  are  richer  in  water  than  those  of  fat  people. 

A  prolonged  deprivation  of  earthy  salts  causes  the  earthy  salts  to 
diminish  in  the  case  of  pigeons,  and  these  salts,  it  appears,  must 
be  given  in  the  form  in  which  they  exist  in  cereals  and  in  bread 
(Edwards). 

The  tribasic  phosphate  in  the  food  dissolves  in  liquids  charged 
with  carbonic  acid  gas  with  the  following  decomposition : 
Ca32P04  +  4CO2  +  4H2O  =  CaH42P04  (acid  phosphate  of  lime) 
+  2CaHv,(C03)2  (bicarbonate  of  lime).  How  the  tribasic  phosphate 
enters,  or  in  what  state  it  exists  in  the  blood,  it  is  difficult  to  say. 

X 


306    TISSUHS,   ORGANS,  AND  REMAINING  SECRETIONS. 

It  may  be  rendered  soluble  by  the  action  of  free  carbonic  acid,  as  we 
have  just  seen,  or  by  the  alkaline  chlorides,  or  else  by  organic  substances. 
The  bone  earth  appears  also  to  be  subject  to  constant  change  in  the 
living  bones,  a  portion  being  redissolved  in  some  of  the  alkaline  salts 
of  the  blood  and  excreted  by  the  intestine  (Recklinghausen). 

The  proportion  of  the  organic  and  inorganic  constituents  remains 
very  constant,  though  it  differs  somewhat  in  different  animals,  and 
even  in  different  parts  of  the  same  animal,  of  which  examples  have 
been  given  above.  While  the  organic  matter  in  human  bones  is 
about  34*56  per  cent.,  in  the  ox  it  averages  about  32*02  per  cent. 

Next  to  enamel  bone  is  the  richest  in  inorganic  salts  of  any  tissue 
in  the  body. 

The  Marrow  differs  in  different  situations.  In  the  shaft  of 
long  bones  it  is  yellowish  in  colour  and  resembles  ordinary 
adipose  tissue,  the  cells  being  supported  by  a  sort  of  retiform 
tissue,  and  scattered  among  them  a  few  true  marrow  cells  may 
be  found.  In  this  yellow  marrow  there  is  about  96  per  cent,  of 
fat,  with  some  cholesterin,  and  small  quantities  of  hypoxanthin, 
albumin,  and  occasionally  lactic  acid.  The  framework  sup- 
porting the  softer  structures  yields  mucin.  In  the  cancellated 
ends  of  long  bones,  in  the  vertebrae,  in  short  bones,  and  in  the 
flat  cranial  bones  the  marrow  is  reddish  in  colour  and  contains 
few  adipose  vesicles ;  but  true  marrow  cells,  resembling  pale 
corpuscles  in  many  points,  and  like  them  possessing  amoeboid 
movement,  are  present  in  great  numbers,  as  well  as  cells  that 
are  described  as  transition  forms  between  the  narrow  cells  and 
the  coloured  corpuscles  of  the  blood ;  likewise  large  clumps  of 
multinucleated  protoplasm  (myeloplaxes  of  Robin).  The  red 
marrow  may  have  a  mucous  appearance,  as  in  the  case  of  the 
cranial  bones. 

In  addition  to  a  small  y^roportion  of  fat,  red  marrow  yields 
much  albumin  and  salts,  and  an  acid  resembling  lactic  acid. 

Red  marrow  acts  probably  like  the  splenic  pulp  in  disin- 
tegrating coloured  corpuscles  of  blood,  and  it  appears  also  to 
take  part  in  the  generation  of  new  red  corpuscles. 

Pathology. — In  leuhce')nia  the  red  marrow  becomes  of  a  dirty 
greyish  white,  and  in  the  yellow  marrow  formic  and  other  f\itty 
acids  show  themselves,  as  also  numerous  crystalline  needles. 
In  the   early  stages  of  this  disease  the  red  marrow  often  re- 
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sembles  raspberry  jelly,  while  in  the  later  stages  it  may  appear 
as  a  bulky,  puruleht-l ike  mass.  In  typhus  numerous  large  pale, 
red-corpuscle-holding  cells  are  to  be  seen.  In  variola  during 
the  suppurative  stage  the  myeloplaxes  and  pale  cells  may  be 
greatly  increased,  while  in  hemorrhagic  variola  the  nucleated 
coloured  cells  may  be  increased  and  the  pale  ones  diminished. 
In  marasmus  following  chronic  diseases  the  embryonic  blood 
corpuscles  in  the  marrow  are  often  greatly  multiplied. 

In  most  of  the  diseases  of  bone  the  inorganic  salts  undergo 
a  quantitative  and  the  organic  constituents  a  qualitative 
alteration.  The  former  shows  ilself  chiefly  in  a  diminution 
of  the  lime  salts,  as  in  rickets  and  osteomalacia,  in  this  last 
disease  lactic  acid  apparently  taking  part  in  the  removal  of 
the  salts. 

The  tillered  chemical  composition  in  several  diseases  is 
indicated  in  the  subjoined  table : — 


Organic  constitueuts 

11 

Osteomalacia— 
vertebra 
(Prosel) 

ill 

II 

1     f 

If 
is 

Osteo-          j 
sclerosis        1 
(Ragsky)       { 

Phosphate  of  lime  . 

3204 

13-25 

33-9] 

72-63 

43-00 

35-16 

) 

Carbonate 

401 

5-95 

7-60 

403 

8-24 

8-41 

61-47 

Phosphate  of  magnesia  . 

0-98 



0-39 

1-93 

101 

1-31 

Phosphate  of   soda  and 

STilphate  of  lime  . 

— 

0-90 

Soluble      salts     (chiefly 

sodium  chloride) 

0-75 



3-27 

0-61 

2-00- 

2-93 

0-26 

Ossein,  &c. 

5414 

74-64 

54-83 

19-58 

46-32 

38-14 

38-27 

Fat 

5-84 

5-26 

— 

1-22 

— 
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Practical  Exercises  and  Methods.  1.  To  Show  the  Ossein. — 
Digest  a  small  bone  for  a  day  or  two  in  dilute  hydrochloric  acid 
(10  per  cent.)  The  earthy  salts  will  be  dissolved  out,  and  what 
remains,  wliile  retaining  the  original  form  of  the  bone,  will  be  soft 
and  elastic.  Wash  it  repeatedly  in  water,  then  in  boiling  alcohol  and 
ether,  and  lastly  boil  it  for  some  time  in  fresh  water,  when  it  will  be 
converted  into  gelatin,  the  network  of  vessels  only  remaining.  The 
solution  thus  obtained  is  to  be  tested  for  gelatin  (p.  130).  On  cooling, 
if  the  solution  is  not  too  dilute,  it  will  set. 

2.  I'o  Shoio  the  Earthy  Salts,  or  Bone  Earth. — Place  a  piece  of 
bone  in  a  clear  fire  and  let  it  remain  there  until  it  becomes  perfectly 
white.     It  will  retain  its  form,  but  it  has  become  white  and  brittle. 

X  2 
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Powder  a  fragment  and  dissolve  in  a  little  hydrochloric  acid  ;  dilate 
the  solution  and  add  excess  of  ammonia  :  a  white  gelatinous  precipi- 
tate of  the  i^liosphate  of  lime  and  magnesia  occurs.  Filter,  and  to  the 
filtrate  add  oxalate  of  ammonia :  a  precipitate  of  oxalate  of  lime 
shows  itself,  indicating  the  presence  of  lime  not  present  in  the  form 
of  phosphate ;  it  exists  as  carbonate,  as  can  be  shown  by  digesting 
some  powdered  uncalcined  bone  in  dilute  hydrochloric  acid,  when  an 
effervescence  of  carbonic  anhydride  ensues. 

3.  Preparation  of  Powdered  Bone. — Bones  are  cleaned,  roughly 
broken  into  fragments,  the  spongy  substance  and  the  marrow,  &c., 
carefully  removed ;  then  the  fragments  are  enclosed  in  filter  paper 
and  reduced  to  powder  in  a  mortar.  The  rough  powder  is  suspended 
in  a  linen  bag  in  a  flask  of  water,  and  the  maceration  is  allowed  to 
continue  several  days,  the  water  being  frequently  renewed.  After 
having  been  dried  at  a  temperature  of  130°  to  140°,  the  mass  is 
finely  powdered,  digested  with  ether,  and  again  heated  to  the  same 
temperature.  The  powdered  bone  thus  obtained  is  to  be  used  in  the 
subsequent  analyses. 

4.  To  Show  the  Presence  of  a  Fluoride. — This  body  is  frequently 
present.  Smear  a  little  wax  over  a  piece  of  glass  that  has  been 
heated ;  let  it  cool,  and  then  draw  some  figures  upon  the  wax,  ex- 
posing the  glass  in  doing  so.  Now  place  this  piece  of  glass  with  the 
smeared  surface  downwards  over  a  shallow  leaden  or  platinum  cup 
into  which  some  powdered  calcined  bone  and  equal  parts  of  strong 
sulphuric  acid  and  water  have  been  placed  ;  insert  the  cup  in  some 
boiling  water,  and  after  a  little  remove  the  piece  of  glass,  and 
having  scraped  away  the  wax,  note  the  corrosion  that  has  occurred  in 
the  parts  of  the  glass  which  were  uncovered  by  the  wax. 

5.  To  Show  and  Dete^'mine  the  Fat,  extract  some  of  the  dried  bone 
with  ether,  evaporate  the  ethereal  extract  to  dryness,  and  weigh  the 
residue. 

6.  Quantitative  A.nalysis.  (a)  The  Water. — Weigh  out  five  to 
ten  grams  of  the  powdered  bone,  dry  at  100°,  and  then  at  120°, 
until  it  ceases  to  lose  weight.     The  loss  gives  the  water. 

(b)  The  Ash  and  Organic  Matter. — Calcine  in  a  porcelain  crucible 
the  dried  bone  obtained  in  {a)  at  as  low  a  temperature  as  possible : 
the  loss  in  weight  gives  the  organic  matter,  and  the  residue  the  ash. 
It  is  well,  before  weighing,  to  saturate  the  calcined  residue  with 
ammonic  carbonate,  and  then  to  heat  again  to  an  elevated  tempera- 
ture. 

(c)  l^he  Earthy  Phosj^hates^  &c. — Dissolve  with  the  aid  of  a  gentle 
heat  the  ash  obtained  in  {h)  in  as  little  moderately  dilute  hydrochloric 
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acid  as  possible  ;  add  ammonia  in  excess  to  the  solution  :  a  precipitate 
is  thrown  down  chiefly  of  phosphate  of  lime,  with  a  little  phosphate 
of  magnesia  and  calcic  fluoride.  (Asa  trace  of  iron  is  present  in  old 
bones,  if  this  is  to  bo  estimated  the  ammonia  precipitate  is  to  be 
treated  with  acetic  acid,  and  the  insoluble  phosphate  of  iron  collected 
on  a  filter,  washed,  dried,  calcined,  and  w^eighed.  With  the  acetic 
acid  solution  we  then  proceed  as  in  ij.)  Filter  and  wash  the  pre- 
cipitate with  water  containing  ammonia. 

(j)  The  Lime  Present  as  Carbonate. — To  the  filtrate  add  oxalate  of 
ammonia  or  potash  to  complete  precipitation,  boil,  filter,  dry  the  pre- 
cipitated oxalate  of  lime,  then  ignite  and  weigh  it,  by  which  the 
oxalate  will  be  converted  into  carbonate  of  lime. 

(ij)  The  Lime  Present  as  Phosjyhate. — The  ammoniacal  precipitate 
of  the  earthy  phosphates  is  to  be  dissolved  in  strong  acetic  acid  with 
the  aid  of  heat  (if  any  portion  remains  undissolved,  collect,  dry,  and 
calcine  it,  and  having  weighed  it,  estimate  as  pyro-phosphate),  and  to 
the  solution  oxalate  of  ammonia  is  added  ;  boil,  and  lay  aside  for  12 
to  24  hours ;  collect  the  precipitated  oxalate  of  lime  on  a  filter,  wash, 
dry,  and  ignite  both  the  precipitate  and  the  filter.  As  the  object  of 
this  is  to  convert  the  oxalate  into  carbonate  of  lime  (as  in  j),  care 
must  be  taken  not  to  heat  too  strongly;  and,  in  addition,  in  case 
any  caustic  lime  may  have  been  formed,  it  is  always  advisable  to 
moisten  the  precipitate  with  carbonate  of  ammonia  before  drying 
it  at  a  moderate  heat  and  weighing  it.  From  the  carbonate  of 
lime  thus  obtained  the  amount  of  lime  can  easily  be  calculated 
[CaCOa  (100)  :  Ga  (40)  =  weight  of  carbonate  of  lime  obtained  :  x\. 

(iij)  The  Magnesia  Present  as  Phosphate. — The  filtrate  and  wash- 
ings of  the  last  are  to  be  evaporated  to  a  small  bulk,  mixed  with 
excess  of  ammonia,  well  stirred,  boiled,  and  laid  aside  for  12  hours ; 
it  is  then  to  be  collected  on  a  filter,  washed  with  water  contain- 
ing ammonia,  dried,  ignited  to  redness,  and  weighed.  The  ammo- 
niaco-magnesian  phosphate  is  thus  converted  into  pyrophosphate 
(Mg2P207),  from  the  weight  of  which  the  magnesia  is  readily 
obtained.  (MgaPgOy  (174)  :  2MgO  (80)  =  weight  of  pyrophosphate 
obtained  '.  x.) 

(iv)  Phosphoric  Acid  that  was  Combined  with  lAjne. — The  wash- 
ings and  the  filtrate  still  contain  the  phosphoric  acid  primarily 
combined  with  the  lime.  This  is  precipitated  by  adding  a  mixture 
of  sulphate  of  magnesia,  ammonium  chloride,  and  ammonia,  laying 
aside  for  24  hours,  then  filtering  and  proceeding  exactly  as  above. 
(1  ;  0*216  =  weight  of  pyrophosphate  :  x.) 

(d)  The  Total  Phosj^horic  Acid  Present. — This  may  be  estimated 
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directly  (Chancel).  Dissolve  1  gram  of  the  ash  in  a  little  nitric 
acid,  warming  gendy  ;  dilute  with  water,  and  add  some  baric  nitrate 
and  then  some  nitrate  of  silver  ;  shake  well  and  filter.  Pass  a  current 
of  sulphuretted  hydrogen  through  the  filtrate,  filter,  and  boil  the 
filtrate  for  some  time,  until  the  hydric  sulphide  has  been  expelled. 
By  this  means  any  sulphuric  acid  and  chlorine  that  may  have  been 
present  are  removed.  Now  add  to  the  clear  filtrate  a  solution  of 
bismuthic  nitrate,  filter,  and  wash  the  precipitated  bismuthic  phosphate 
with  boiling  water  ;  dry  it,  and  having  detached  it  from  the  filter, 
ignite  both  separately ;  then  weigh.  (BiP04  (305)  :  H3PO4  (98) 
=  weight  of  precipitate  :  x. ) 

(e)  The  Carbonic  Acid. — Place  5  grams  finely  powdered  and  dried 
bone  into  a  flask  fitted  with  a  desiccating  tube  filled  with  calcium 
chloride ;  now  suspend  in  the  flask  a  small  test 
tube  containing  hydrochloric  acid,  and  weigh 
the  whole  apparatus.  (Or  the  acid  may  be 
placed  in  a  stoppered  burette  fixed  in  the  cork 
of  the  flask,  and  the  drying  of  the  gas  effected 
by  allowing  it  to  escape  through  a  U  tube 
containing  strong  sulphuric  acid.)  The  acid 
is  allowed  to  flow  slowly  over  the  powdered 
bone,  and  the  evolution  of  gas  permitted  to  con- 
tinue until  it  is  completed.  When  this  is  the 
case,  by  means  of  the  tube  d,  which  has  been 
stopped  hitherto,  force  air  through  the  appa- 
ratus, then  weigh  :  the  loss  in  weight  =  CO2 
(1  part  CO2  =  2-272  OaCOa). 

If  greater  accuracy  is  required,  the  flask  is 
connected,  as  in  an  organic  analysis,  with  a 
drying  tube  filled  with  calcium  chloride,  and 
this  with  a  set  of  Liebig's  bulbs  containing 
strong  caustic  potash  solution,  to  which  is  fixed 
a  U  tube  filled  with  fragments  of  solid  caustic 
potash.  These  two  last  pieces  of  apparatus  are  weighed  before  and 
after  the  experiment. 

The  weighed  bone  earth  is  placed  in  the  bottom  of  the  flask,  and 
the  hydrochloric  acid  is  allowed  to  enter  drop  by  drop  from  a  long 
narrow  tube  fixed  in  the  cork  of  the  flask. 

Further,  to  avoid  any  error  from  the  carbonic  acid  of  the  air,  and 
to  maintain  a  constant  current  through  the  apparatus,  the  last  i)otash 
tube  is  in  connection  with  a  Pepy's  cistern  filled  with  water,  and 
from  which  the  water  is  allowed  to  escape  slowly  ;  but  interposed 


Fig.  23.— Cakbonic  Acid 
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In  the  flask  a  the  weighed, 
finely-powdered  bone  is 
made  into  a  mud  with 
water.  6  is  a  small  test 
tube  containing:  the  hy- 
drochloric acid ;  c  is  a 
drying  tube  filled  with 
fragments  of  chloride  of 
calcium;  ^  is  a  plugged 
tube  through  which  air 
is  driven  when  the  evo- 
lution of  tlie  gas  has 
ceased. 
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between  the  two  is  a  U  tube  filled  with  pumice  stone  and  strong  sul- 
phuric acid,  the  air  also  before  entering  the  flask  having  to  pass 
through  a  similar  U  tube. 

When  all  the  carbonic  acid  gas  has  escciped,  warm  the  flask  for  a 
minute  or  two,  then  disconnect  rapidly,  and  weigh  the  potash  tube 
and  bulbs. 

With  Geissler's  apparatus  also  very  good  results  are  obtained. 

But  if  the  method  of  titration  is  adopted,  then  the  first  flask  with 
the  bone  earth'  is  connected  with  a  second,  one-quarter  filled  with 
ammonia  of  known  strength  and  provided  with  an  escape  pipe  filled 
with  fragments  of  glass  moistened  with  ammonia.  The  gas  evolved 
by  the  action  of  the  hydrochloric  acid  (which  should  here  be  used 
strong)  is  absorbed  by  the  ammonia,  and  by  heating  the  first  flask 
and  washing  down  the  exit  tube  all  the  acid  will  be  found  in  the 
ammonia,  which  can  be  directly  titrated  with  decinormal  oxalic 
ftcid. 

The  whole  of  the  carbonic  acid  is  assumed  to  be  derived  from 
calcium  carbonate,  so  that  the  latter  can  easily  be  calculated ;  the 
whole  of  the  magnesia  estimated  as  magnesic  phosphate  (Mg22P04)  ; 
the  amount  of  phosphoric  acid  of  this  being  deducted  from  the  total 
phosphoric  acid,  the  difierence  is  calculated  as  calcic  phosphate. 


CHAPTER  XIX. 

TEETH. 

The  teeth  are  in  great  part  epidermic  structures.  A  tooth 
consists  of  three  distinct  tissues — dentine^  forming  its  chief 
mass,  in  its  interior  being  the  pulp  cavity ;  enamel^  investing 
the  crown  and  extending  some  way  down  the  neck ;  and  cement, 
or  crusta  petrosa,  covering  the  fangs. 

I.  The  Cement  has  the  structure  of  bone,  and  in  its  compo- 
sition it  is  almost  analogous  thereto,  its  organic  and  inorganic 
constituents  having  the  relative  proportions  of  30  :  70. 


Ceinent  of  Tooth. 

Of  ox (Fremy) 

Of  man  (Bibra) 

Ash  (containing  an  average  of)     67-1  per  cent. 

70-58  per  cent. 

Calcic  phosphate 

.     60-7 

Magnesic     „ 

.       1-2         „ 

Carbonate  of  lime 

.       2-9 
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II.  Dentine. — This  body,  like  bone,  contains  an  animal 
matrix  impregnated  with  earthy  salts. 

The  animal  matrix  is  of  the  nature  of  ossein,  but  the  walls 
of  the  canaliculi  appear  to  have  special  investments  of  a  body 
resembling  keratin  or  elasticin  (Hoppe  Seyler).  Dentine  is 
4  per  cent,  poorer  in  water  than  bone,  and  contains  26  to 
28  per  cent,  organic  substances.  Reckoning  the  carbonate  and 
phosphate  of  lime  together,  Hoppe  Seyler  gives  the  com- 
position as — 

Ca,uCO;^6(P04)  .        .     7206 

MgHPO^   ....       0-75 

Organic  substances   .         .27*70 

According  to  Bibra,  the  following  is  the  composition  of  the 
dentine  of  men  and  women  respectively  : — 

Adult  woman  Adult  man 

Organic  matter — ossein  and  vessels         .  27-61  20-42 

Phosphate  of  lime 66-72  67-54 

Carbonate       „ 3-36  7-97 

Phosphate  of  magnesia     ....       1-08  2*49 

Other  salts  (NaCl,  &c.)     •.        .        .         .      0-83  1-00 

Fat '0-40  0-58 

III.  Enamel. — The  ash  averages  95  to  97  per  cent. ;  in  the 
young  infant  it  varies  between  77  and  84  per  cent.  In  the  dog 
there  appears  to  be  no  organic  material  at  all.  Its  average 
composition  may  be  thus  stated : — 

Water  and  organic  substances  .  .       3-6 

Calcic  phosphate  and  fluoride  .  .     86-9 

Magnesic  phosphate  .         .  .1-5 

Calcic  carbonate       .         .         .  .8-0 

It  is  thus  given  by  Hoppe  Seyler  : — 

Ca,oC036(PO,)  .        .     96-00 

MgHPO,   ....       105 
Organic  substances  .        .       3-60 

Enamel  and  Dentine  compared — Ox  (Abby). 

Enamel  Dentine 

Organic  substance  and  water   .        .         .       3-60  27  70 

Inorganic       „ 96-40  7230 

In  100  parts  ash- 
Calcic  phosphate        ....     93-35  91-32 
„     carbonate        ....       4-80  161 

„     oxide 0-86  5-27 

Magnesic  carbonate  ....       0-78  075 

Calcic  sulphate 0-12  0  09 

Oxide  of  iron 0*09  010 
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MUSCLE. 

We  meet  with  two  well-marked  forms  of  this  tissue  in  the 
body — striated,  such  as  constitutes  the  voluntary  muscles  of 
the  limbs,  and  of  which  a  special  modification  forms  the  con- 
tractile substance  of  the  heart ;  and  non-striated,  such  as  is 
met  with  in  the  uterus  and  in  the  muscular  coats  of  the 
intestine. 

Without  going  into  detail  with  regard  to  the  complicated 
structure  of  striated  muscle,  it  may  be  briefly  stated  that  it  is 
made  up  of  fibres  that  appear  to  consist  of  a  conjoined  series 
of  short  tubes  formed  by  the  sarcolemma,  and  that  these, 
according  to  some  authorities,  are  further  divided  (Krause,  &c.) 
into  an  immense  number  of  little  superimposed  compartments, 
in  which  are  contained  minute  bodies  named  sarcous  rods,  of 
whose  exact  chemical  nature  we  are  ignorant,  the  rest  of  the 
compartment  being  filled  up  with  a  fluid  plasma,  that  lies  not 
only  among  the  rods,  but  is  also  accumulated  at  their  ends. 
The  rods  in  each  compartment  are  arranged  on  the  same  level, 
so  as  to  form  a  stripe  that  is  doubly  refracting,  while  the  con- 
tractile plasma  is  singly  refracting. 

The  narrow  muscular  fibres  of  the  heart  are  made  up  of 
transversely  striated,  oblong,  nucleated  cells,  which  are  fused 
together  end  to  end ;  while  the  unstriped  muscle  is  composed 
of  elongated  fusiform  cells  with  oval  or  strap-shaped  nuclei 
which  are  united  together  in  bundles. 

Properties. — In  a  state  of  rest  the  reaction  of  muscle  is 
alkaline  ;  but  in  coagulated  muscle  the  reaction  is  acid,  the 
acid  also  increasing  during  contraction.  The  acid  isparalactic, 
but  possibly  also  acid  potassic  phosphate  and  carbonic  acid  may 
contribute  to  the  acidity.  This  increase  in  the  acidity,  as  well 
as  the  accumulation  of  the  waste  products,  may  be  the  cause  of 
the  muscular  fatigue  experienced  after  continued  excessive 
exertion.  But  Astachewski  has  only  been  able  to  find  lactic 
acid  in  muscle  at  rest,  the  acidity  of  the  watery  extract  of  the 
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muscles  after  treatment  with  alcohol,  in  the  case  of  paralysed 
and  resting  muscle,  having  been  found  higher  by  him  than  that 
of  tetanised  muscle.  Warren  finds  that  if  the  acidity  of  an 
untetanised  limb  be  taken  as  1,  that  of  the  tetanised  limb 
will  average  0*52.  Pfluger  explains  this  apparent  paradox  by 
supposing  that  two  molecules  of  lactic  acid  condense  into  one 
with  elimination  of  water,  the  acidity  as  measured  by  the 
power  of  saturating  alkali  being  at  the  same  time  reduced  to 
one -half. 

The  density  of  muscle  is  about  1055  in  mammals — that  is, 
the  mean  density  of  the  blood. 

The  colour  of  muscle  is  apparently  due  to  the  haemoglobin 
contained  in  it  independent  of  the  blood  ;  but  in  addition  there 
has  been  described  a  yellow  colouring  matter  soluble  in  ether, 
and  presenting  two  absorption  bands  coinciding  with  those  of 
oxyhgemoglobin,  but  not  due  to  this  body,  as  they  are  not 
alterable  by  the  action  of  acids  or  of  sulphuretted  hydrogen 
(Struve).  The  name  salmonic  acid  has  been  given  to  the 
red  oily  colouring  principle  of  the  muscle  of  the  salmon,  &c. 
(Fremy);  its  existence,  however,  is  doubtful. 

The  sarcolemma  is  with  difiiculty  soluble  in  acids  and 
alkalies,  and  seems  to  be  identical  in  some  respects  with  keratin 
or  elastin,  but  it  is  probably  more  correctly  to  be  regarded  as 
allied  to  collagen  in  its  nature  (Chittenden,  &c.).  Under  the 
action  of  dilute  hydrochloric  acid  the  muscle  fibre  is  split  into 
transverse  discs,  while  that  of  alcohol  causes  it  to  break  up 
into  fibrils. 

Changes  occurring  in  Muscle. — Even  in  a  state  of  rest 
certain  chemical  changes  are  taking  place  in  muscle,  differing 
only  in  degree  from  those  occurring  in  a  state  of  activity.  The 
muscles  also  have  the  power  of  storing  up  oxygen  while  in  a 
state  of  rest,  particularly  during  sleep. 

During  contraction  the  muscle  (1)  becomes  acid,  carbonic 
acid  being  set  free,  and  possibly  also  sarcolactic  acid,  no  ini- 
mediate  increase,  however,  in  the  consumption  of  oxygen 
occurring,  indicating  the  independence  of  muscular  contrac- 
tion and  hninediate  oxidation.  This  is  owing  to  the  oxygen 
stored  away  by  the  resting  muscle.  As  Pfluger  states,  the 
oxygen  helps  to  wind  up  the  vital  clock.     But  the  blood  flow- 
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ing  away  from  an  active  muscle  is  poorer  in  oxygen  and  richer 
in  carbonic  anhyiiride  than  the  same  blood  coming  from  a 
muscle  at  rest.  In  a  given  time,  indeed,  muscle  work  increases 
the  absorption  of  oxygen  and  excretion  of  carbonic  acid  gas  at 
the  lungs. 

2.  Heat  also  is  produced  in  muscular  contraction,  but  this 
elevation  of  temperature  really  precedes  the  act  of  contraction 
and  is  not  caused  by  it,  for  if  work  is  effected  by  the  contrac- 
tion part  of  the  heat  disappears.  The  heat  is  the  result  of 
certain  chemical  changes  occurring  in  the  muscle. 

3.  Decompositions  of  different  kinds  also  occur  in  the  pro- 
cess of  contraction,  some  body  or  bodies  soluble  in  water  being 
converted  into  others  insoluble  in  water  but  soluble  in  alcohol ; 
that  is,  the  watery  extractives  are  diminished  and  the  alcoholic 
extracts  increased  (Helmholtz),  showing  an  augmentation  in 
the  kreatin,  kreatinin,  and  xanthin,  &c. 

4.  Some  affirm  that  the  proteids  are  slightly  diminished 
and  the  sugars  and  fats  increased  (Ranke).  This  observation, 
however,  has  not  yet  been  fully  confirmed  ;  but  it  seems  to  be 
established  that  the  glycogen  of  muscle  is  diminished  by  the 
act  of  contraction  (Brucke  and  Weiss),  such  a  decomposition 
as  the  following,  in  which  much  energy  is  liberated,  being 
probable:  C,U,^0,-}-nfi  =  C,ll,fi,,  and  C,l{,fi,-\-60^  =  (yC0^ 
+  GHgO.  It  is  probable  also  that  a  slight  increase  occurs  in  the 
elimination  of  urea,  but  not  an  increase  in  any  way  proportional 
to  the  work  done  ;  likewise  an  increased  elimination  of  sulphuric 
and  phosphoric  acids  in  the  urine,  the  acidity  of  that  fluid  also 
being  said  to  be  raised.  But  it  must  be  confessed  that  of  the 
exact  nature  of  the  changes  little  really  is  known.  Hermann  is 
of  opinion  that  an  analogy  exists  between  ordinary  muscular 
contraction  and  rigor  mortis,  and  that  in  both  cases  a  complex 
body,  which  he  calls  inogen,  is  split  up  into  carbonic  and  lactic 
acids  and  a  nitrogenous  residue  of  the  nature  of  myosin  ;  in  the 
living  body  the  myosin  thus  formed  is  redissolved  as  rapidly  as 
it  is  generated,  being  reconverted,  in  combination  with  other 
bodies  present,  into  the  inogen,  such  a  conversion  of  course  not 
being  possible  in  rigor  mortis. 

In  rigor  mortis  the  muscle  becomes  more  or  less  opaque, 
loses  its  elasticity,  is  firmer  to  the  touch,  and  all  normal  muscle 
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currents  have  disappeared  ;  its  reaction  also  is  decidedly  acid, 
although  it  is  frequently  amphicroitic,  sarcolactic  and  inosic 
acids  being  present,  and  an  excess  of  carbonic  acid  being  set 
free  at  the  same  time.  A  relationship  appears  to  exist  between 
the  intensity  of  the  rigor  mortis  and  the  amount  of  these  acids 
formed.  Some  suppose,  therefore,  that  these  bodies  result 
from  the  splitting  up  of  a  complex  compound  previously  present. 
Kigor  mortis,  then,  is  characterised  by  the  coagulation  of  the 
muscle  plasma  of  the  living  muscle  and  by  the  appearance  of 
sarcolactic  acid. 

Chemical  Composition. 


Analyses  of  Muscle  (] 

]IBRA, 

SCHLOSSBERGER,  ^C^ 

. 

Pectoralis  major 

Mean  of 

Mean  of 

muscle 

Muscle 

Muscle 

Muscle 

Components  in  tlie  100  parts 

Man, 

Woman, 

human 

of 

of 

of  fish 

of  frog 

ast.  59 

a2t.  36 

muscle 

mammal 

birds 

Water      .... 

72-56 

74-45 

73-50 

72-87 

73-00 

74-08 

80-43 

Solids      .... 

27-44 

25-55 

26-50 

2713 

27-00 

25-92 

19-57 

Coagulated     albumins 

(myosin,    &c.)     and 

their       derivatives ; 

sarcolemma,  vessels, 

nerves,  &c.,  insoluble 

in  water  . 

16-83 

15-54 

16-18 

15-25 

17-13 

10-13 

Soluble   albumins  and 

albuminates ;  hasmo- 

globin 

1-75 

1-93 

1-84 

217 

3-13 

3-61 

1-86 

Fat      . 

4-24 

2-30 

3-27 

3-71 

1-94 

4-59 

010 

Gelatin 

1-92 

2-07 

1-99 

3-16 

1-40 

4-34 

2-48 

Kreatin 

— 

— 

0-22 

0-18 

0-33 

— 

0-28 

Ash      .... 

2-68 

3-57 

3-12 

1-14 

1-30 

1-49 

Non-striated  muscle  appears  to  have  nearly  always  an  alka- 
line reaction,  and  its  ashes  are  richer  in  salts  of  soda  than  in 
those  of  potash.  The  analysis  of  non-striated  muscle  is  thus 
given  by  Chittenden  : — 

Water     ......  79-60  to  8025 

Solids 20-40 

Ash 1-26 

Albuminous  bodies     .         .         .  15-68 

Ethereal  extractives  .         .         .  0-33 

Non-nitrogenous  bodies     .         .  3*25 

Glycogen 2-43 

Glycocin 071 


19-75 
1-22 

15  04 
0-24 
3-12 
1-98 
0-39 


The  Gases  of  Muscle. — These  are  in  part  dissolved  in  the  muscle 
plasma,  and  in  part  combined  with  its  salts. 
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CO, 

d 


14*4  per  cent. 
4-9         „ 
0-09 


(SZUMOWSKI). 

By  bringing  living  muscle  into  boiling  water,  and  then  pass- 
ing it  through  air,  and  treating  it  with  phosphoric  acid,  a  mean 
of  7*2  per  cent.  CO2  was  obtained  by  Stirizing,  of  which  one 
part  was  combined.  But  the  amount  of  COo  appears  to  vary 
according  to  the  mode  of  preparation  of  the  muscle,  as  when 
tetanised  and  quickly  cooled  it  yields  6*6  per  cent.,  but  13*5 
per  cent,  when  tetanised  and  cooled  slowly  ;  only  2-7  per  cent, 
when  washed,  2  per  cent,  when  warmed  for  sometime,  and  15*4 
per  cent,  when  neither  warmed  nor  washed. 

The  solids  of  muscle  vary  on  an  average  from  21  to  26  per 
cent,  in  mammals,  and  22  to  28  per  cent,  in  birds,  and  about 
20  per  cent,  in  cold-blooded  animals.  In  mammals  the  solids, 
in  addition  to  those  tabulated  above,  may  be  thus  stated : — 


Glycogen   . 
Kreatin 
Sarkin 
Xantliin    and 

xanthin  . 
Taurin  (horse) 
Lactic  acid 


hypo 


Per  coit. 
C-4     to  05 
0-2 
002 

002 

0-07 
0-05 


Phosphoric  acid 

Potash 

Soda 

Lime 

Magnesia . 

Sodic  chloride  . 

Oxide  of  iron    . 


Ppr  cent. 
0-3    to  0-5 


0-3 

0-04 

001 

004 

001 

001 


0-4 


0004 
0003 


The  different  muscle  constituents  may  be  arranged  in  three 
groups : — 

I.  Nitrogenous  bodies— -myosin^  and  two  or  more  other 
proteids;  extractives  such  as  kreatin,  sarkosin,  sarkin,  xanthin, 
and  carnin. 

II.  Non-nitrogenous  bodies — inosit,  fat,  glycogen,  &c. 

III.  Inorganic  bodies — phosphoric  acid,  potash,  soda,  mag- 
nesia, lime,  &c. 

I.  Nitrogenous  Bodies. 

The  living  muscle  contains  a  liquid,  coaguJable  plasma  which 
can  be  removed,  and  this  on  coagulating  at  ordinary  tempera- 
tures separates  into  clot  and  serum,  this  clot  {myosin)  being 
the  same  body  as  is  obtained  from  dead  muscle  by  dilute  sodic 
chloride  solution  ;  myosin  is  not  therefore  present  in  the  living 
muscle,  only  its  factors,  so  to  speak.  By  the  action  of  acids 
this  body  is  further  transformed  into  syntonin.     The  muscle 
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contains,  in  considerable  amount,  a  body  analogous  to  serum 
albumin,  and  coagulating  at  75°;  in  very  small  proportion  a 
soluble  proteid  coagulating  at  45°  ;  and  a  third  proteid,  a  sort 
of  alkali  albumin,  which  varies  in  its  point  of  coagulation  (20° 
to  30°)  according  to  the  acidity  of  the  serum.  But  it  is  possible 
that  some  of  these  may  be  derived  from  the  lymph  in  the  muscle. 
The  gelatin  of  muscle  comes  from  the  connective-tissue 
elements  present,  such  as  the  perimysium,  sheaths  of  nerves, 
blood  vessels,  &c.,  although  the  muscle  plasma  may  contain 
collagen  (Hoppe  Seyler). 


Fig.  24.— Ckystals  of  Kueatin  and  Kueatinix. 

a,  crj'stals  of  kreatin  ;  b,  crystals  of  kreatinin  ;  c,  crystals  of  chloride  of 
zinc  and  kreatinin. 

A  myosin  ferment  identical  with  the  fibrin  ferment  of  blood 
has  been  separated  from  frog's  muscle  (Michelsohn). 

The  muscle  plasma,  myosin,  and  muscle  serum  have  already 
been  described  (pp.  107,  108). 


The  Extractives, 

While  these  form  2  to  4  per  cent.,  at  least  two-thirds  of  them 
are  yet  unknown.  Among  the  nitrogenous  extractives  are  found 
kreatin,  sarkosin,  hypoxanthin,  xanthin,  carnin,  inosic  acid,  &c. 

f  ON 


I.     Keeatin,    C4H9N3O.,  +  HA 


or 


H3 

C,H,O.OH 
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(NH.NH2CN.CH3.CH2COOH).— It  is  a  very  weak  base,  but  it  forms 
crystalline  compounds  with  several  of  the  mineral  acids  ;  it  also  com- 
bines with  mercuric  chloride  and  nitrate  ;  its  crystals  appear  as  colour- 
less, transparent,  rhombic  prisms,  but  in  the  anhydrous  condition  it  is 
white  and  opaque.  Fresh  muscle  contains  a  mean  of  0  2  per  cent., 
or  the  solids  of  muscle  a  little  more  than  1  per  cent.  It  is  increased 
by  muscular  activity.  Kreatin  is  sparingly  soluble  in  cold  water, 
moderately  soluble  in  hot  water,  less  soluble  in  alcohol,  and  insoluble 
in  ether. 

Preparation. — 1.  Rub  up  pieces  of  muscle  with  fragments  of  glass, 
and  digest  the  mass  with  twice  its  volume  of  alcohol  in  a  water  bath ; 
express  the  extract  through  linen,  evaporate  off  the  alcohol,  and 
precipitate  the  watery  extract  with  basic  lead  acetate ;  through  the 
filtrate  from  this  last  sulphuretted  hydrogen  is  passed  to  separate 
excess  of  lead,  and  when  the  latter  has  been  removed  evaporate  to  a 
syrup,  from  whicli  on  cooling  kreatin  will  crystallise  out. 

To  free  it  from  the  kreatinin  that  is  generally  combined  with  it, 
treat  with  chloride  of  zinc. 

2.  Rub  up  some  Liebig's  extract  of  meat  with  water  and  then 
with  baryta  water,  filter,  and  remove  excess  of  baryta  from  the 
filtrate  by  a  current  of  carbonic  acid  gas ;  after  filtration  evaporate  to 
one-twentieth  its  volume,  and  leave  the  syrup  aside  for  several  days 
to  crystallise. 

The  same  process  may  be  adopted  with  a  watery  extract  of  fresh 
meat  when  it  has  first  been  freed  from  albumin  by  boiling. 

Derivatives. — 1.  Boil  kreatin  several  days  with  water,  or  for  half 
an  hour  or  so  with  a  concentrated  acid,  and  kreatinin  is  obtained  : 
C4H0X3O,  =  C.H^NsO  +  HA 

2.  By  long-continued  boiling  with  baryta  water  kreatin  is  de- 
composed into  sarkosin  and  urea:  C^H^NgOo  +  HaO  =  C3H7NO2 
(sarkosin)-f-CON2H4.  The  lu-ea  decomposes  in  part  still  further 
into  carbonic  anhydride  and  ammonia. 

On  the  other  hand,  by  boiling  for  several  hours  two  parts  of 
sarkosin  with  one  part  freshly  prepared  cyanamid,  kreatin  will 
crystallise  out  on  cooling :  kreatin  may  accordingly  be  regarded  as 
methyl  glycocyamine. 

2^0  determine  its  presence,  convert  it  into  kreatinin  by"  boiling  it 
for  half  an  hour  or  so  with  sulphuric  acid,  then  neutralise,  and  pre- 
cipitate with  chloride  of  zinc. 

II.  Sarkosin  (C3II7NO2)  may  be  regarded  as  glycocin  in  which 

O  IT  O  ) 

hydrogen  is  replaced   by  methyl  :    glycocin  =     l^^      0 ;  sarkosin 


320    TISSUES,    ORGANS,  AND  REMAINING   SECRETIONS. 

__  C2H2(CH3)0  \  Q      Sarkosin  is  produced  by  the  decomposition  of 
NH2  j  kreatin,  this  body  splitting  into  sarkosin  and 

urea  when  boiled  with  baryta  water. 

Preparation. — A  hot  saturated  solution  of  kreatin  is  boiled  with 
ten  times  its  volume  of  baryta  water  so  long  as  any  ammonia  is 
evolved,  fresh  baryta  water  being  added  from  time  to  time.  Then 
filter  and  precipitate  the  excess  of  baryta  with  carbonic  acid.  From 
the  evaporated  syrupy  filtrate  sarkosin  will  separate  in  a  few  days. 
The  crystals  are  purified  by  dissolving  them  in  excess  of  dilute 
sulphuric  acid,  and  the  solution  evaporated  to  a  syrup  and  well 
shaken  with  alcohol.  Sarkosin  sulphate  separates  as  a  fine  powder, 
which  is  to  be  washed  in  cold  alcohol,  dissolved  in  water,  boiled  with 
baric  carbonate  till  carbonic  acid  gas  ceases  to  be  evolved,  filtered 
from  the  baric  sulphate,  and  the  filtrate  evaporated  to  a  syrup. 
Sarkosin  crystals  will  separate  inside  24  hours. 

CafFein,  when  similarly  treated,  also  yields  sarkosin. 
Properties. — It  crystallises  in  colourless  rhombic  prisms  that  are 
soluble  in  water,  slightly  soluble  in  alcohol,  and  insoluble  in  ether. 
It  combines  with  acids,  forming  soluble  salts ;  its  double  salt  with  pla- 
tinic  chloride  crystallises  in  large  yellow  octohedra  (C3H7NO2.HCI 
+  PtCl4  +  Il20),  and  that  with  chloride  of  gold  in  rhombic  tables 
(C3H7N02.HC1  + AuClg).  With  acetate  of  copper  it  gives  a  marked 
blue  colour,  forming  a  crystalline  compound  with  this  salt;  it 
combines  also  with  chloride  of  zinc  and  mercuric  chloride. 

III.  Sarkin,  or  Hypoxanthin  (C5H4N4O),  is  found  in  muscle, 
generally  in  the  proportion  of  about  0'02  per  cent. ;  it  is  also  present 
in  the  spleen,  liver,  thymus,  and  in  the  blood  and  urine  of  leukaemia, 
generally  accompanying  xanthin. 

Preparation. — It  is  prepared  from  the  mother  liquor  of  the 
kreatin,  which  is  diluted  with  water  and  then  boiled  with  two-thirds 
its  volume  of  a  solution  of  cupric  acetate.  The  sarkin  cupric  oxide  is 
washed  in  cold  water,  suspended  in  hot  water,  decomposed  with  a 
stream  of  hydric  sulphide,  and  filtered  hot.  The  sarkin  sejmrates  on 
cooling. 

It  can  also  be  M'ell  prepared  by  adding  gradually  to  a  boiling 
saturated  solution  of  kreatin  ten  times  its  weight  of  hydrate  of 
baryta ;  the  mixture  is  boiled  so  long  as  any  ammonia  is  evolved ; 
filter,  pass  a  current  of  carbonic  acid  gas  through  the  filtrate,  ond 
filter  again ;  lay  the  last  filtrate  aside  to  crystallise.  To  purify  it 
dissolve  up  the  deposit  in  dilute  sulphuric  acid,  evaporate  to  a  syrup, 
and  add  alcohol.  The  crystalline  powder  is  then  dissolved  in  water, 
warmed  with  carbonate  of  baryta  as  before,  filtered,  and  the  filtrate 
evaporated  to  a  syrup  and  then  laid  aside. 
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Properties.  —  Sarkin  crystallises  in  fine  needles  and  is  slightly 
soluble  in  hot  water,  but  readily  soluble  in  the  alkalies  and  in  dilute 
hydrochloric  acid.  It  combines  with  acids,  bases,  and  salts;  with 
silver  nitrate  it  forms  a  crystalline  compound  when  precipitated  from 
its  ammoniacal  solution  by  means  of  this  body  (C5H2Ag2N40  +  H20). 
This  is  a  more  insoluble  salt  than  the  corresponding  one  formed  with 
xanthin.  Its  hydrochloride  is  also  less  soluble  than  that  of  xanthin. 
It  is  not  precipitated  by  ammonio- acetate  of  lead. 

Chemical  Relations. — Sarkin  is  closely  related  to  xanthin  and 
uric  acid,  being  formed  by  the  reducing  action  of  sodium  amalgam 
upon  either  of  these  bodies  : 

C,H,N,03;  C.H^N.O^;  C,H,N40. 

(uric  acid)  (xanthin)  (sarkin) 

IV.  Xanthin  (C.5H4N4O2). — Mixed  with  hypoxanthin  it  is  met 
with  in  different  parts  of  the  organism,  as  in  muscle,  spleen,  pancreas, 
and  liver.     Its  formation  seems  to  pre- 
cede that  of  uric  acid,  from  which  it  ^^U        ^y^      0  "^"^ 


differs  in  containing  an  atom  of  oxygen  S^\f^    ""^^  ^       /l^ly^ 

less ;    indeed,    by    reducing    uric   acid  ^  /  ^  '^^  ^         K^^^~^ 

with  sodium  amalgam   it   can   be   ob-  Z^ ^  A  ^<:>^  ^  <=> 

tained,  or  by  the  oxidation  of  sarkin.  ^<::=>  r\    ^=^ 

It  has  been  found  in  urinary  calculi.  ^ 

Preparation.— It  can  be   prepared  fi«.  25.-cuystals  ov  xanthin. 

_  ,,  ,,  ,      1  ,    •       1    •        1-1  To  the  left  are  pearly  rhombic  tables 

from  the  yellow  crust  obtained  m  the  of  th3  sulphate. 

treatment  of  the  extractives  by  dissolv- 
ing this  up  in  dilute  hydrochloric  acid  and  slowly  evaporating  the 
solution. 

But  it  is  best  prepared  from  guanin  (C.-,H.,N,^0)  by  dissolving  this 
body  in  strong  nitric  acid,  adding  potassic  nitrite  in  excess,  and  then 
water  until  a  yellow  precipitate  is  formed,  which  is  dissolved  in 
boiling  ammonia  and  sulphate  of  iron  added  until  a  black  precipitate 
appears.  The  filtrate  is  evaporated,  and  the  residue,  after  having 
been  washed  in  cold  water,  is  dissolved  in  boiling  ammonia,  filtered, 
and  evaporated  to  dryness. 

Properties. — 1.  It  is  white  and  amorphous,  forming  microscopic 
granules  very  slightly  soluble  in  boiling  water,  insoluble  in  alcohol 
and  ether,  and  forming  soluble  combinations  with  bases  ;  its  solutions 
are  precipitated  by  acids,  with  which  it  forms  crystalline  salts,  and  by 
the  salts  of  copper,  with  which  the  precipitates  are  greenish. 

2.  Xanthin  dissolves  in  boiling  ammonia,  and  the  solution  is 
precipitated  by  chloride  of  zinc,  cadmic  chloride,  and  acetate  of  lead ; 
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silver  nitrate  also  throws  down  from  this  ammoniacal  sohition  the 
gelatinous  compound  C5H2Ag2N402  +  H20. 

If  the  xanthin  is  dissolved  in  some  warm  dilute  nitric  acid  p.nd 
silver  nitrate  added^  little  flocculi  will  separate  on  cooling  :  C5H4N4O2 
+  AgNO,. 

3.  Phosphomolybdic  acid  gives  w4th  it  a  voluminous  yellow  pre- 
cipitate soluble  in  dilute  acids. 

4.  When  evaporated  to  dryness  with  nitric  acid  a  yellow  residue 
is  obtained,  which  becomes  reddish  yellow  on  the  addition  of  soda, 
changing  to  a  ™let  on  heating. 

Y.  Carnin  (07118^403  + HgO).  — American  extract  of  meat 
contains  about  1  per  cent,  of  this  body,  but  it  has  not  yet  been  found 
in  fresh  meat. 

Carnin  has  a  pulverulent,  chalky  appearance ;  it  is  insoluble  in 
alcohol  and  ether,  but  soluble  in  boiling  water,  its  solution  beinpf  pre- 
cipitated by  subacetate,  but  not  by  the  neutral  acetate  of  lead.  It  com- 
bines with  warm  hydrochloric  acid,  its  hydrochlorate,  C7HgN403.HCl, 
forming  brilliant  needles,  and  combining  readily  with  platinic  chloride 
with  the  production  of  a  double  salt ;  with  silver  nitrate  it  also 
gives  a  white  flocculent  precipitate,  (C7H8N403)2.AgN03,  which  is 
insoluble  in  ammonia  and  nitric  acid. 

Like  sarkin,  carnin  is  an  imperfectly  oxidised  decomposition 
product.  C7H8N4O3  =  C5H4N4O  (sarkin)  -f  C2H4O2  (acetic  acid). 
It  may  be  converted  into  sarkin  by  the  action  of  nitric  acid  or 
bromine. 

Preparation. — It  is  prepared  from  Liebig's  extract  of  meat  by 
boiling  this  with  seven  times  its  weight  of  water,  precipitating  the 
solution  with  baryta  water,  carefully  avoiding  excess ;  filtering, 
adding  subacetate  of  lead  to  the  filtrate,  and  separating  the  precipitate 
that  forms,  which  consists  of  a  combination  of  carnin  and  plumbic 
oxide.  Suspend  this  compound  in  hot  water  and  decompose  it  with  a 
current  of  hydric  salphide,  filter,  and  concentrate  the  filtrate  by 
evaporation.  The  coloured  deposit  is  to  be  treated  with  silver 
nitrate,  and,  to  remove  any  silver  chloride  that  may  form,  wash  the 
precipitate  with  ammoniacal  water,  and  then  with  pure  water ;  sus- 
pend again  in  water  and  decompose  with  hydric  sulphide,  filter,  and 
digest  the  filtrate  with  animal  charcoal.  From  the  clear  filtrate, 
when  concentrated,  carnin  is  deposited. 

VI.  Inosic  Acid  (C,oHi4N"40ii)  has  not  as  yet  been  satisfactorily 
determined  in  human  flesh,  but  it  forms  about  001  per  cent,  of  the 
muscle  of  cats  or  rabbits. 

Its  alkaline  salts  form  fine  needles  easily  soluble  in  water,  but 
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insoluble  in  alcohol,  and  its  solutions  give  amorphous  precipitates  with 
copper  and  silver  salts. 

YII.  The  proportion  of  xanthin,  as  well  as  of  uric  acid,  is  very 
small,  and  the  same  may  be  said  for  the  pepsin  and  ptyalin  ferments 
that  are  said  to  exist  in  muscle.  Taurin  has  been  found  in  fish  and 
horse  flesh,  and  leucm  in  horse  flesh. 

GuANiN  (C5H5N5O)  was  originally  obtained  from  guano,  in  which 
it  exists  in  the  -proportion  of  about  J  to  |  per  cent. ;  but  it  has  also 
been  found  in  small  quantities  in  the  liver,  pancreas,  and  muscle.  It 
forms  a  white  amorphous  powder,  easily  soluble  in  potash,  soda,  and 
the  mineral  acids,  but  insoluble  in  water,  alcohol,  ether,  and  ammonia. 

It  is  prepared  by  boiling  Peruvian  guano  with  dilute  milk  of  lime 
so  long  as  the  filtrate  is  coloured  ;  the  residue  is  then  extracted  with 
a  boiling  solution  of  sodic  carbonate  until  the  sodic  extract  is  no 
longer  precipitated  with  hydrochloric  acid;  this  extract  is  then 
treated  with  excess  of  acetic  acid,  and  the  precipitate,  which  consists 
of  guanin  mixed  with  uric  acid,  is  digested  with  boiling  dilute  hydro- 
chloric acid,  the  solution  filtered,  and  the  guanin  precipitated  from 
the  filtrate  with  ammonia  To  remove  the  uric  acid  completely 
repeat  the  digestion  in  the  hydrochloric  acid  and  the  precipitation 
with  ammonia. 

By  the  action  of  nitrous  acid  guanin  is  converted  into  xanthin, 
C5H5N50  +  HN02  =  C.5H4N402  +  H20  +  N2;  and  whpn  a  hydro- 
chloric acid  solution  is  treated  with  potassic  chromate  it  is  decomposed 
into  guanidin,  parabanic,  oxaluric,  and  oxalic  acids,  and  urea. 

Urea  is  present  in  muscle  only  in  diseased  conditions,  as  in 
uraemia  and  cholera. 

II.  Non-nitrogenous  Bodies. 

1.  Inosit,  or  Muscle  Sugar  (see  p.  81). 

2.  Glycogen,  <&;c. — The  amount  of  this  is  less  in  tetanised  than  in 
resting  muscles,  less  also  in  the  muscle  of  the  heart ;  but  the  quantity 
present  depends  somewhat  on  the  nature  of  the  food,  and  on  age,  for 
more  glycogen  is  proportionally  present  in  young  than  in  old  muscle. 
In  the  fresh  muscles  of  frogs  from  0-3  to  0*5  per  cent,  can  be 
extracted,  and  in  rabbits  0  4  to  0*5  per  cent. 

As  a  diasfcatic  ferment  is  also  present  in  muscular  tissue,  it  is 
probable  that  the  fermentable  sugar  found  in  muscle  after  death  is 
derived  from  the  glycogen. 

3.  Fats. — These  belong  in  part  to  the  muscle  substance,  but  also, 
particularly  the  glyoerophosphoric  acid  and  cholesterin,  to  the  nerves 
present  in  the  muscle.     Volatile  fatty  acids  can  likewise  be  extracted. 

Y  2 
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A  constant  constituent  is  paralactic  acid,  which  is  probably  combined 
with  some  of  the  alkalies  of  the  muscle. 

To  j)'^^62?are  paralactic  acid  from  muscle,  dissolve  Liebig's  exti'act 
of  meat  in  four  parts  lukewarm  water,  and  then  with  constant 
stirring  add  eight  parts  alcohol  (90  per  cent.)  After  standing  some 
time  decant  the  clear  supernatant  liquid ;  distil  off  the  spirit,  and 
having  acidified  with  dilute  sulphuric  acid  shake  vip  with  ether. 
Distil  the  ether  extract,  precipitate  with  plumbic  carbonate,  filter, 
pass  sulphuretted  hydrogen  through  the  filtrate,  and  after  having 
bailed  neutralise  with  carbonate  of  zinc :  zinc  lactate  is  formed. 
Evaporate  until  on  cooling  crystals  begin  to  separate ;  now  treat  the 
residue  with  five  times  its  volume  of  alcohol  (90  per  cent.)  After 
some  time  collect  the  fine  crystalline  precipitate  on  a  filter,  wash  with 
alcohol,  and  then  dry  it.  To  separate  some  lactate  that  still  remains 
in  the  alcoholic  filtrate,  evaporate  the  latter,  dissolve  up  the  residue 
in  water,  and  precipitate  the  solution  several  times  with  alcohol.  By 
decomposing  with  hydric  sulphide  the  paralactate  of  zinc  thus  ob- 
tained, filtering,  evaporating  the  filtrate  to  a  syrup,  and  then  dis- 
solving it  in  pure  ether,  the  zinc  can  be  separated  by  filtration. 
From  the  last  filtrate  the  ether  is  distilled  ofi*  and  the  residue  dried 
in  vacuo, 

III.  Inorganic  Constituents. 

1.  Water. — Its  average  is  about  75  per  cent.,  being  greater  in  cold- 
than  in  warpo-blooded  animals;  it  is  also  more  abundant  in  the 
muscles  of  young  beasts,  diminishing  towards  adult  life  and  increasing 
again  in  old  age;  the  muscle  richest  in  water  is  the  continually 
acting  heart.  A  proportion  also  seems  to  be  maintained  between  the 
water  of  the  blood  and  that  of  the  muscles,  for  with  a  thin  blood  the 
water  of  muscle  is  proportionally  greater ;  and  the  same  occurs  in 
chronic  wasting  diseases.  In  great  thirst  the  water  of  muscle  is  said 
to  diminish.  In  females  and  weak  males  the  water  is  more  abundant. 
Indeed,  age,  sex,  race,  activity,  and  alteration  of  diet  exercise  a 
marked  influence  on  the  chemical  composition  of  muscle,  particularly 
in  the  amount  of  water. 

2.  Salts. — The  ash  of  muscle  is  characterised  by  the  preponderance 
of  potassic  salts  and  phosphates,  these  forming  nearly  80  per  cent., 
and  by  its  poverty  in  soda  salts  and  chlorine.  The  salts  of  magnesia 
are  three  times  as  abundant  as  those  of  lime,  and  alkaline  sulphates 
are  present  only  in  small  amount. 

In  dried  flesh  there  is  about  3*5  per  cent,  of  ash,  in  fresh  muscle 
r07  per  cent.,  and  in  boiled  flesh  1  per  cent.  (Liebig). 
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Boiling  produces  a  great  change  in  the  salts.  In  the  following 
table  it  will  be  seen  how  much  of  these  salts  can  be  thus  extracted 
(Keller)  : — 


Phosphoric  acid 
Potassium 
Potassic  chloride     . 
Earthy  and  iron  oxides 
Sulphuric  acid 

In  the  soup 
Per  cent. 
.     26-24 
.     35-42 
.     14-81 
.       3-15 
.       2-95 

Remaining  in  the  flesh 

Per  cent. 

10-36 

4-78 

2-54 

82-57 


17-68 


Keller  therefore  gives  this  percentage  composition  of  the  ash  of 
muscle : — 


Phosphoric  acid . 

.     36-60 

Iron  and  earthy  oxides 

.     5-69 

Potassium  . 

.     40-20 

Sulphuric  acid     . 

.     2-95 

Potassic  chloride 

.     14-81 

The  phosphoric  acid  is  combined  with  the  potassium,  and  with  the 
earthy  and  iron  oxides  in  part,  and  the  sulphuric  acid  is  probably 
present  in  great  part  as  potassic  sulphate. 

Pathology. — Muscle  is  liable  to  different  degenerations, 
particularly  fatty,  during  and  after  certain  diseases  and  in  old 
age.  In  many  fevers  more  or  less  of  a  degeneration  occurs.  In 
fatty  degeneration  Liebig  has  found  as  much  as  49  per  cent,  of 
fat.  In  chronic  alcoholism  the  inosit  is  said  to  be  increased. 
Urea,  uric  acid,  and  fats  have  also  been  found  greatly  augmented 
after  different  diseases.  In  cholera  urea  is  met  with  in  the 
muscles,  principally  those  in  which  the  most  cramps  have 
occurred,  and  this  is  possibly  due  to  the  w^ant  of  a  solvent  medium 
to  remove  it. 

Sources  of  Muscular  Energy. — Liebig  was  of  opinion  that 
the  proteids  were  the  exclusive  source  of  muscular  energy,  and 
that  the  urea  excreted,  derived  from  this  consumption  of  nitro- 
genous material,  was  proportionally  increased.  But  the  experi- 
ments of  most  recent  observers  prove  this  theory  to  be'  incorrect 
(Parkes,  Voit,  E.  Smith,  Fick,  &c.),  and  show  that  the  oxida- 
tion of  the  proteid  material  represented  by  the  urea  excreted  is 
much  less  than  that  required  to  accomplish  the  -work  done. 
Parkes,  indee^d,  found  no  marked  increase  in  the  urea  as  the 
result  of  muscle  work,  often  rather  a  diminution  in  its  amount 
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during  the  period  of  activity,  but  a  slight  subsequent  increase 
in  its  elimination. 

There  is  no  doubt,  however,  as  to  the  increased  elimination 
of  carbonic  acid  gas  at  the  lungs  produced  by  muscular  exercise. 
A  man,  for  example,  at  rest  consumed  in  the  twenty-four  hours 
708  grams  oxygen,  and  produced  911  grams  carbonic  anhydride  ; 
but  when  doing  work  the  numbers  were  954  grams  oxygen  and 
1,284  grams  carbonic  anhydride.  The  urea  excreted  in  the 
same  time  in  each  case  amounted  to  37*2  grams  during  the  day 
of  rest,  and  37  grams  during  the  day  of  activity  (Pettenkofer 
and  Voit). 

The  source  of  the  energy  may  therefore  be  looked  for  in  the 
non-nitrogenous  foods  (chiefly  the  carbohydrates),  the  muscle 
only  acting  as  an  apparatus  in  which  the  potential  energy  of 
these  bodies  becomes  kinetic.  Helmholtz  has  arrived,  by  cal- 
culation, at  the  conclusion  that  in  the  human  organism  one- 
fifth  of  the  potential  energy  of  the  material  thus  consumed  is 
converted  into  kinetic  energy — which  is  about  twice  the  amount 
of  mechanical  work  that  can  be  obtained  by  the  instrumentality 
of  the  steam  engine.     (See  also  under  Urea,  pp.  429,  431.) 

GENERAL  ANALYTICAL  METHODS  {after  Kussel, 
Stadeler,  &g.) 

A.  I.  Preparation  of  Watery  Extract. — Kill  a  dog  or  cat  by 

decapitation,  open  its  abdomen  rapidly,  and  having  inserted  a 
cannula  into  its  aorta,  wash  out  the  vessels  with  sodic  chloride 
solution  (10  per  cent.);  then  cut  out  the  thigh  muscles,  and 
mince  them  up  finely  with  the  help  of  a  sausage  machine.  The 
mass  is  next  covered  with  distilled  water,  stirred  well,  and 
filtered  after  twenty  minutes  or  so  through  linen,  compressing 
to  assist  the  filtration. 

II.  If  the  extract  has  been  made  rapidly,  then  test  a  small 
portion  as  follows,  by  which  means  three  albumins  at  least  are 
identified : — 

1.  Warm  a  little  to  20°  to  30°;  it  will  become  acid,  and  de- 

posit a  flocculent  precipitate ;  but  if  the  juice  is  too  acid 
no  precipitate  is  thus  obtained. 

2.  Add  a  few  drops  of  dilute  acetic,  lactic,  or  hjsdrochloric  acid, 

and  note  the  formation  of  a  precipitate ;  separate  this 
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potassic  albuminate  by  filtration,  warm  up  the  filtrate 
to  47f,  and  a  precipitate  is  obtained ;  filter  and  warm 
the  filtrate  to  75°,  and  a  second  precipitate  appears. 
3.  To  a  third  specimen  add  a  little  sodic  phosphate  solution, 
and  then  the  dilute  acid,  when  it  will  be  seen  that  no 
precipitation  occurs,  indicating  that  the  albumin  thrown 
down  after  acidifying  as  in  2  is  an  alkali  albuminate. 

III.  Separation  of  Soluble  Albumins. — The  filtrate  obtained 
in  I.  is  to  be  slightly  and  gradually  acidulated  with  dilute 
hydrochloric  or  acetic  acid  and  boiled  :  any  soluble  albumins 
present  are  thrown  down.  The  filtrate  is  to  be  used  in  the  sub- 
sequent experiments. 

IV.  Precipitate  of  Phosphoric,  Sulphuric,  and  Uric  Acids,  of 
Hypoxanthin,  and  of  the  Kreatin  and  Gelatin  in  part. — These 
bodies  are  precipitated  by  the  addition  of  baryta  ivater  to  the 
filtrate  of  III. ;  filter. 

(a)  Boil  the  precipitate  some  time  with  a  dilute  solution  of 
caustic  potash,  filter,  and  acidulate  the  filtrate  with  hydrochloric  acid ; 
if  a  precipitate  appears  remove  it  by  the  addition  of  a  few  drops  of 
caustic  potash,  and  then  add  amnionic  chloride  :  uric  acid  is  pre- 
cipitated as  urate  of  ammonia.     Filter  after  some  time. 

{h)  The  filtrate  from  the  baryta  precipitate  is  evaporated  over  a 
water  bath,  and  any  scum  that  forms  on  its  surface  is  to  be  removed 
and  added  to  the  precipitate  a ;  when  a  syrup  has  been  formed  leave  it 
aside  under  cover  :  little  prisms  of  kreatinin  will  be  deposited.  (Some- 
times little  semicrystalline  yellow  spheres  of  leucin  may  be  deposited 
here.)  Separate  the  crystals  and  add  alcohol  to  the  mother  liquor 
until  a  slight  cloudiness  appears,  then  lay  aside  in  a  dry  place  under 
cover  :  needles  or  crystalline  grains,  consisting  of  potassic  or  baric 
inosate,  magnesic  phosphate,  or  hreatin  will  form. 

Dissolve  the  deposit  in  warm  water  and  add  haric  chloride  ;  baric 
iyiosate  is  precipitated.  Filter,  boil  the  precipitate  with  a  little  dilute 
sulphuric  acid,  filter,  concentrate  the  filtrate,  and  add  alcohol ;  inosic 
acid  is  deposited. 

Mix  the  filtrate  from  the  baric  inosate  with  alcohol ;,  two  layers 
are  generally  formed  :  decant  the  one  from  the  other ;  the  lower  is 
generally  syrupy.  If  it  presents  a  gelatinous  or  membranous  pre- 
cipitate, separate  it  by  filtration,  redissolve  the  precipitate  in  water, 
and  reprecipitate  with  alcohol;  this  precipitate  is  generally  dextrin 
or  glycogen. 

To  the  syrupy  liquor,  after  the  separation  of  the  gelatinous  pre- 
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cipitate  when  present,  add  an  equal  volume  of  ether ;  two  layers  will 
generally  form,  as  before  :  the  lower  one  may  contain  lactates,  volatile 
fatty  acids,  and  inosit,  and  the  upper  kreatin,  kreatinin,  and  some- 
times leucin.  Decant  or  separate  these  layers  by  means  of  a  suction 
tube.  Concentrate  the  upper  layer  and  leave  it  aside  to  crystalHse ; 
if  little  lamellae  are  formed  add  some  cold  alcohol,  collect  on  a  filter, 
wash  them  there  with  more  alcohol,  and  then  dissolve  them  in  some 
boiling  alcohol ;  when  the  alcohol  cools  kreatin  separates,  the  kreatinin 
remaining  in  solution. 

The  lower  stratum  formed  by  the  addition  of  the  ether  is  syrupy ; 
add  sulphuric  acid  in  excess  to  remove  the  baryta,  filter,  and  distil 
the  filtrate  :  the  volatile  fatty  acids  pass  into  the  distillate,  while  the 
residue  contains  sarcolactic  and  succinic  acids,  from  which  they  can  be 
removed  by  treating  it  with  ether.  Now  add  alcohol  to  the  residue 
left  by  the  ether  until  a  precipitate  appears  ;  this  consists  generally 
of  crystals  of  sulphate  of  potash  mixed  with  inosit,  if  this  body  is 
originally  present. 

B.  The  extractives  may  also  be  separated  as  follows  (Stadeler)  : — ■ 

(ct)  Keduce  the  muscle  to  small  fragments  and  digest  with  spirit 
for  some  time,  warm,  and  then  express ;  digest  the  residue  for  several 
hours  with  water  at  50° ;  express  a  second  time,  and  unite  the 
two  extracts.  Next  distil  off"  the  spirit,  and  filter  from  the  deposited 
albumin.  Reduce  the  filtrate  to  a  suiall  volume  by  evaporation,  and 
add  neutral  acetate  of  lead  to  complete  precipitation  \  filter,  and  add 
basic  acetate  of  lead  to  the  filtrate;  lay  aside  for  12  hours,  to 
allow  the  precipitate  to  settle,  and  filter  again.  To  the  last  filtrate 
add  excess  of  mercuric  acetate,  and  after  6  hours  or  so  collect  the  pre- 
cipitate on  a  filter.  Treat  the  filtered  liquor  with  a  current  of 
sulphuretted  hydrogen,  remove  the  precipitated  sulphide,  reduce  the 
clear  filtrate  to  a  small  volume  without  letting  it  become  syrupy; 
lastly,  spread  this  concentrated  liquor  in  thin  layers  in  a  series  of 
shallow  vessels,  and  complete  the  evaporation  at  a  temp,  between  40° 
and  50°  :  an  abundant  precipitation  of  kreatin  occurs. 

(h)  The  lead  precipitate  obtained  above  is  to  be  suspended  in 
water  and  decomposed  with  hydric  sulphide ;  xanthin  and  inosit  are 
present  in  the  filtrate.  Boil  the  latter  with  acetate  of  mercury,  which 
throws  down  the  xanthin ;  collect  the  precipitate,  wash  it,  and  then 
suspend  it  in  water,  where  it  is  to  be  decomposed  with  a  current  of 
hydric  sulphide ;  filter,  and  by  evaporating  the  filtrate  the  xanthin 
will  crystallise  out  in  yellowish  crusts. 

(c)  The  mercuric  precipitate  is  suspended  in  w^ater  and  decom- 
posed as  before  with  sulphuretted    hydrogen ;    the  filtrate  contains 
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xanthin  and  sarkin.  Evaporate  to  a  small  bulk  and  add  ammonia 
in  excess,  and  then  silver  nitrate;  collect  the  precipitate,  wash  it 
with  ammoniacal  water  and  afterwards  with  distilled  water,  then 
pierce  the  Qlter  and  wash  down  the  precipitate  into  a  small  flask, 
where  it  is  to  be  boiled  with  sufficient  nitric  acid  (sp.  gr.  1*1)  to  make 
a  complete  solution.  After  it  has  stood  about  6  hours  filter  and 
collect  the  combination  of  sarkin  and  oxide  of  silver  that  has  been 
deposited;  to  the  filtrate  add  ammonia  in  excess,  and  a  yellowish 
flocculent  precipitate  is  obtained  of  a  combination  of  the  same  oxide 
with  xcmthin. 

C.  Liebig's  extract  of  meat  may  be  advantageously  used  for  the 
preparation  of  most  of  the  extractives  (after  Brunton). 

1 .  Make  a  watery  extract  of  a  large  spoonful  or  so  of  the  extract, 
boil  it  quickly  in  a  large  flask,  and  filter  through  linen  to  remove  the 
coagulated  albumin ;  let  the  filtrate  cool,  and  add  acetate  of  lead 
solution  to  complete  precipitation,  but  a\oiding  excess,  and  collect 
the  precipitate. 

A.  The  Lead  Precipitate. — [a)  Suspend  it  in  water,  and  pass  a 
current  of  sulphuretted  hydrogen  through  the  liquid;  filter  and  con- 
centrate the  filtrate  on  a  water  bath;  crystals  separate  out  gradually. 
Filter  after  some  hours,  and  wash  the  collected  crystals  of  uric  acid 
with  water  and  then  w^th  spirit. 

{h)  The  filtrate  is  to  be  evaporated  to  a  small  bulk,  its  own  volume 
of  alcohol  added  to  it,  and  gently  warmed  if  a  turbidity  shows  itself. 
Lay  aside  for  several  days,  and  inosit  may  ciystallise  out ;  if  no 
crystals  appear  add  ether ;  if  crystals  are  still  absent  evaporate  nearly 
to  dryness,  and  after  the  addition  of  a  drop  of  nitric  acid  complete  the 
evaporation ;  moisten  the  residue  with  calcic  chloride  solution,  and  on 
again  evaporating  to  dryness  a  rosy  red  spot  will  indicate  inosit. 

B.  The  Filtrate  from  the  Lead  Precipitate. — Precipitate  any  lead 
present  with  sulphuretted  hydrogen  and  filter. 

{a)  The  filtrate  is  to  be  concentrated  to  a  thin  syrup,  and  then 
laid  aside  for  several  days.  Crystals  of  kreatin  will  separate ;  decant 
the  supernatant  liquid,  and  to  precipitate  the  rest  of  the  kreatin  add 
to  it  2  or  3  times  its  volume  of  alcohol  (88  per  cent.)  Collect  all  the 
crystals  on  a  filter  and  wash  them  with  spirit,  then  dissolve  them  in  a 
little  hot  water,  and  on  the  solution  cooling  transparent  oblique 
rhombic  prisms  of  kreatin  will  be  obtained. 

{b)  The  alcoholic  filtrate  from  the  precipitated  kreatin  is  to  be 
evaporated  to  remove  the  alcohol,  next  diluted  with  water,  ammonia 
added,  and  then  an  ammoniacal  solution  of  silver  nitrate :  sarkin  or 
hypoxanthin  is  thrown  down  as  a  flocculent  precipitate,  which  is  to 
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be  allowed  to  subside,  and  after  having  been  washed  several  times  by 
decantation  with  water  containing  ammonia  it  is  to  be  collected  on  a 
porous  filter  and  again  washed ;  now,  making  a  hole  in  the  bottom  of 
the  filter,  wash  the  precipitate  into  a  small  flask  with  nitric  acid 
(sp.  gr.  ri).  The  flask  is  next  to  be  boiled,  and  more  nitric  acid 
added,  if  necessary,  to  effect  complete  or  nearly  complete  solution. 
Transfer  the  clear  solution  to  a  beaker,  where  it  is  to  stand  for  several 
hours,  when  a  double  salt  of  silver  and  sarkin  will  crystallise  out. 
Decant  the  supernatant  liquid  (c),  and,  having  washed  the  crystals 
with  ammonio-nitrate  of  silver,  suspend  them  in  water,  and  decompose 
them  with  a  current  of  sulphuretted  hydrogen.  Filter,  and  evaporate 
the  filtrate  :  sarkin  crystallises  out. 

(c)  To  the  decanted  liquid  add  ammonia  in  excess,  and  a  double 
salt  of  xanthin  and  silver  nitrate  will  fall  as  a  flocculent  precipitate ', 
this,  after  having  been  washed  by  decantation,  is  to  be  suspended  in 
boiling  water  and  decomposed  with  hydric  sulphide.  The  filtrate, 
when  evaporated,  gives  a  scaly  film  of  xanthin. 


CHAPTER  XXI. 

NEIl  VE. 

There  is  still  much  doubt  and  uncertainty,  as  well  as  differ- 
ence of  opinion,  as  to  the  true  chemical  constitution  of 
nerve  substance,  particularly  as  to  which  are  real  nerve  con- 
stituents and  which  only  decomposition  products  or  mere 
mixtures.  With  this  very  vexed  and  complicated  question  I 
shall  try  to  deal  as  clearly  and  yet  as  briefly  as  possible. 

Histologically  the  nervous  tissues  consist  of  nerve  cells,  nerve 
fibres,  and  of  a  supporting  framework  that  may  present  itself  as  white 
fibrous  tissue  peripherally,  or  as  the  retiform  neuroglia  throughout 
the  nerve  substance. 

The  nerve  cells  are  little  masses  of  protoplasm,  more  or  less 
irregular  in  outline,  and  provided  with  branching  processes,  each  also 
possessing  a  large,  well-marked  nucleus  and  nucleolus.  The  proto- 
plasm is  granular  around  the  nucleus,  but  striated  towards  the 
periphery.  Of  the  processes  given  off"  all  branch,  with  the  exception 
of  one,  which  is  usually  thicker  than  the  rest,  and  said  to  be  con- 
tinuous with  the  nucleus,  the  so-called  axis-cylinder  process  of 
Deiters.     These  nerve  cells  generally  lie  in  groups,  as  we  see  in  the 
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anterior  horns  of  the  grey  substance  of  the  spinal  cord,  or  in  layers, 
as  in  the  grey  substance  of  the  cerebrum. 

The  nerve  fibrils  (1)  with  which  these  cells  are  connected  are 
generally  either  directly  or  indirectly  associated  together  so  as  to  form 
naked  bundles  (2),  which  are  to  be  found  as  such  in  the  grey  matter, 
or  invested  with  a  medullary  or  myelin  sheath  (3),  as  in  the  white 
substance  of  the  nerve  centres ;  or  covered  with  a  fibrous  sheath 
alone  (4),  as  in  the  sympathetic  nerve  fibres ;  or  provided  with  the 
double  investnlent  of  medullary  sheath,  and  outside  this  the  fibrous 
or  primitive  sheath  (5),  as  in  the  ordinary  peripheral  nerves  of  the  body. 
A  nerve,  it  may  be  said,  is  formed  of  one  or  more  bundles  of  the  last 
two  kinds  of  nerve  fibres  associated  together  in  varying  proportions. 

The  myelin  is  half  fluid  in  the  living  nerve  ;  it  swells  up  in  water 
and  is  soluble  in  alcohol,  ether,  and  spirits  of  turpentine,  and  consists 
of  cholesterin,  lecithin,  cerebrin,  albumin,  and  some  fatty  bodies. 
Osmic  acid  stains  the  myelin  sheath  black,  and  sulphuric  acid  gives  it 
a  reddish  tint,  while  the  axis  cylinder  reduces  chloride  of  gold 
solutions,  is  stained  red  by  carmin,  and  is  dissolved  by  ammonia. 

The  term  grey  suhstmice  is  applied  to  the  periphery  of  the  brain, 
the  central  mass  of  the  spinal  cord,  and  to  the  ganglionic  masses 
scattered  at  the  base  of  the  brain,  as  well  as  elsewhere  in  the  body. 
This  grey  substance  consists  essentially  of  the  nerve  cells,  while  the 
white  substance,  that  as  a  rule  forms  the  great  mass  of  these  centres, 
is  made  up  of  fibres. 

According  to  Meynert  a  vertical  section  of  the  cerebrum  presents 
5  layers — (1)  a  connective-tissue  layer  on  the  surface,  very  thin  in 
man  and  the  higher  animals;  only  very  few  nerve  elements  are 
present;  (2)  a  narrow  layer  of  small  pyramidal  cells  closely  arranged  ; 
(3)  a  broad  vertically  striated  band,  in  which  lie  large  and  small 
pyramidal  cells,  giving  off  numerous  ramified  branches  ;  (4)  a  layer 
of  granule-like  corpuscles ;  (5)  beneath  this  a  layer  twice  as  broad, 
with  large  spindle-shaped  cells  scattered  through  it.  The  vessels  as 
well  as  the  gai^lion  cells  are  surrounded  by  lymph  spaces  (His),  and 
the  arteries  are  further  provided  with  a  lymph  space  between  their 
tunica  adventitia  and  media  (Virchow,  Kobin). 

The  foliated  grey  substance  of  the  cerebellum  has  also  (1)  a  layer 
of  the  nature  of  connective  tissue  on  the  surface,  intermixed  with  some 
delicate  nerve  fibrils ;  beneath  this  a  (2)  7'ow  of  ganglionic  flask- 
sJiaped  cells  of  large  size,  which  communicate  by  lateral  processes, 
and  send  off  processes  outwards  and  inwards,  and  then  (3)  a  thick 
nuclear  layer  or  zone  of  small  round  cells  presenting  a  granular 
appearance. 
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The  Grey  and  White  Matter, — There  is  much  difficulty  in 
making  a  complete  separation  of  the  grey  and  white  matter. 
In  the  case  of  the  cerebrum  the  proportions  of  these  two  con- 
stituents have  thus  been  given  by  Danilewsky  :  grey,  37*7  to 
39  per  cent.;  the  white,  62-3  to  61  per  cent.;  and  the  super- 
ficies of  the  grey  as  1,588  to  1,692  cm. 

Chemical  Composition. — A  close  analogy  appears  to  exist 
between  the  composition  of  an  egg  and  of  the  brain  substance  ; 
in  both  there  are  the  same  richly  phosphorised  compounds, 
albuminates,  and  proteids,  also  cliolesterin,  and  excess  of  j)hos- 
phates  and  potassic  chloride. 

The  chief  constituents  tvill  he  first  summarisecly  and  then 
the  more  important  of  them  considered  in  detail. 

1.  The  Water  is  very  variable  in  amount,  differing  in 
different  parts  and  increasing  slightly  with  age.  In  general 
where  the  phosphorised  fats  are  most  abundant  the  water  is  in 
smaller  proportion. 

Mean  Percentage  of  Water. 


Per  cent. 

In  the  whole  brain    . 

.     71  to  83 

„      grey  substance  of  brain  . 

81 

„      cerebellum 

.     77  „  80 

„      medulla  oblongata  . 

74 

„      spinal  cord 

72 

„      white  substance  of  brain 

69 

In  nerves 

72 

2.  Albuminates. — Chiefly  potash  albuminate,  also  a  globulin- 
like body  corresponding  to  myosin,  which  is  soluble  in  sodic 
chloride  solution  (10  per  cent.)  and  precipitated  by  saturation 
with  the  same  salt.  There  is  in  addition  a  proteid  body, 
probably  derived  from  the  grey  matter,  which  is  soluble  in 
water  and  coagulates  at  75°. 

3.  Albuminoids. — These  form  7  to  10  per  cent,  of  the  fresh 
tissue  of  the  brain,  and  somewhat  more  than  half  the  dry 
residue  of  the  grey  substance,  but  only  about  a  quarter  of  the 
white.  Among  these  albuminoids  nuclein  is  described  as  present 
(Jaksch)  in  the  proportion  of  0*14  per  cent.  (GtEOGHEGAn)  ; 
but  some  chemists  regard  it  as  an  impure  albuminous  sub- 
stance (Kingzett). 

4.  Substances  soluble  in  Ether. — In  white  matter  these 
amount  to  15  to  17  per  cent.,  and  in  grey  to  4  to  7  per  cent. 
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Compound 

Brain 

Spinal  cord 

Nerves 

Woman,  set.  40 

Man,  set.  hG 

Man,  set.  39 

Cerebrin  . 

Cbolesterin 

Fats 

Phosphorised  fats     . 

20  to  21 
30  „  33 
50  „  46 

30-6 
32-8 
37-6 

2.3-7 
54-2 
22-1 

3-40 

0-88 

941)7 

0-75 

The  medulla  oblongata  and  the  spinal  cord  yield  the  most 
ethereal  extractives,  the  corpora  striata  and  optic  thalami  the 
least;  but  the  age  of  the  nerve  substance  affects  this  con- 
siderably. 

The  spinal  cord  seems  to  contain  less  phosphorus  than  the 
cerebrum,  and  the  grey  substance  of  the  latter  more  than  the 
white. 

The  brain  of  the  new  born  contains  much  less  ethereal 
extract  than  the  same  organ  in  the  grown  animal,  but  its  water 
is  more  abundant ;  or,  in  other  words,  the  embryonic  brain  is 
much  richer  in  water  and  poorer  in  cholesterin,  &c.,  than  the 
developed  brain.  Further,  we  find  that  the  lower  a  mammal 
stands  in  the  animal  scale  the  richer  is  its  brain  in  water  and 
the  poorer  in  ethereal  extract  (chiefly  cholesterin  and  lecithin), 
and  accordingly  the  nearer  does  it  approach  to  the  embryonic 
brain,  whilst  the  higher  the  animal's  position  the  poorer  is  its 
brain  in  water,  and  the  richer  in  the  ethereal  extract.  Some 
of  the  constituents  removed  by  the  ether  are  probably  com- 
pounds chiefly  derived  from  retrogade  metamorphosis,  and,  as 
this  is  possibly  most  active  in  the  highest  brains,  we  can 
readily  understand  why  the  amount  of  ethereal  extract  in- 
creases in  brains  of  higher  development.  That  it  is  indicative 
of  activity  may  also  be  seen  from  the  fact  that  the  very  active 
medulla  oblongata  and  the  continuously  active  spinal  cord  are 
poorer  in  water  and  very  much  richer  in  ethereal  extractives 
than  the  brain  substance  itself.  In  the  case  of  cholesterin  also 
it  has  been  shown  (Flint)  that  the  blood  of  the  carotid 
artery  is  poorer  in  this  body  than  that  of  the  internal  jugular 
vein. 

Among  these  extractives,  in  addition  to  those  already  given 
in  Bibra's  tables,  there  are  neiirin,  lecithin,  and  protagon ; 
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of  which  some,  like  lecithin,  contain  phosphorus ;  others,  like 
cerebrin,  are  devoid  of  it. 

5.  Watery  Extractives. — Of  these  there  are  xanthin,  hypo- 
xanthin,  kreatin,  inosit  (ox  brain),  sarcolactic  and  succinic 
acids,  and  sometimes  leucin  and  uric  acid  or  a  body  resembling 
it.  Many  of  these  extractives,  it  is  worth  noticing,  are  also 
found  in  muscle,  indicating  a  parallelism  in  their  tissue  changes  ; 
they  are  all  products  of  retrograde  metamorj)hosis,  but  the 
leucin  and  uric  acid  are  said  only  to  be  present  in  diseased 
conditions.  It  is  probable  that  the  kreatin,  inosit,  xanthin, 
sarkin,  and  lactic  acid  are  derived  chiefly  from  the  grey 
substance. 

6.  Salts. — Fresh  brain  yields  an  average  of  0*57  per  cent. 
of  ash  (GtEOGHEGAN),  which  consists  chiefly  of  potassic  chloride 
and  sodic  phosphate  with  a  little  potassic  and  magnesic  phos- 
phate, sodic  carbonate,  and  potassic  sulphate.  The  solid  re- 
sidue of  the  grey  substance  contains  about  0*63  per  cent,  more 
phosphoric  acid  than  that  of  the  white.  The  phosphoric  acid 
appears  to  be  increased  by  brain  work,  but  this  is  doubtful,  for 
it  is  possible  that  while  the  total  phosphoric  acid  remains 
constant  the  alkaline  phosphates  may  be  increased  and  the 
earthy  phosphates  diminished.  The  urea  and  carbonic  acid  are 
also  said  to  be  increased  by  brain  work  or  prolonged  nervous 
excitation,  the  temperature  also  being  raised  (Davy). 

As  abnormal  constituents  we  may  find  urea  and  leucin  in 
excess,  as  also  excess  of  fats. 

Ultimate  Analysis. 

I.  FresJi  Cereb7'wn—0x  (Petkowski). 

Grey  matter.  Wliite. 

Per  cent.  Per  cent. 

Water 81-60  68-851 

Solids     ....     18-40  31-65 

Solids  in  the  100  parts- 
Albumin  and  gelatin    .         .         .  55-37  to  24-72 
Lecithin        .         .         .         .         .  17-24  „     9-90 
Cholesterin  and  fats     .         .         .  18-68  „  51-91 

Cerebrin 0-53  „     954 

Substances  insoluble  in  anhj'drous 

ether 671  „     3  34 

Salts 1-55  „     0-57 
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II.  Mean  Comj)osition— 

Chief  Constituents  (after  Moleschott). 

'^ 

Brain,               Spinal  cord. 

Nerves. 

Per  cent.                Per  cent. 

Per  cent 

Water    . 

.     81-43                 68-58 

5707 

Albuminous  bodies 

.       8-63                  7-49 

Ethereal  extract  (fat, 

cere- 

brin,  cholesterin,  fcc") 

.       8-07                30-62 

2211 

Salts       . 

.       0-70                  0-36 

0-85 

Potassic  phosphate 

.       0-27                  0-17 

0-18 

Sodic     '          „ 

.       0-23                  008 

013 

Calcic              „ 

.       012                  007 

019 
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III.  The  J.,?/*— Analysis  after  the  Separation  of  the  Lecithin,  &c. 
(Geoghegan). 

Percentage  in  fresh  brain 
0-277 


Sodic  phosphate 

.     0-221 

Potassic      „ 

.     0-047 

Sodic  carbonate 

.     0-044 

Magnesic  phosphate 

.     0-030 

Potassic  sulphate     , 

.     0-024 

Calcic  phosphate     . 

.     0-003 

Breed  only  obtained  0-027  per  cent,  of  ash,  of  which  potassic  phos- 
phate constituted  55*24  per  cent.,  and  sodic  phosphate  22*93  per  cent. 

ScHLOSSBERGER  found  1  per  cent,  in  the  grey  substance  of  a  calf's 
brain  and  1"16  per  cent,  in  the  grey  matter  of  a  human  brain 
(set.  75). 

Difference  between  the  Grey  and  White  Substance  Chemically, 
— Of  the  solids  (1)  the  albumins  and  neurokeratin  form  more 
than  half  the  grey  substance  and  only  about  one-fourth  of  the 
white.  (2)  On  the  other  hand,  cholesterin  and  fat  constitute 
more  than  half  the  dry  mass  of  the  white  and  about  one-fourth 
of  the  grey  ;  so  that  the  chief  constituents,  so  far  as  quantity 
is  concerned,  are  water  and  albumins  in  the  grey,  and  water, 
cholesterin,  and  fat  in  the  white  substance. 

(3)  In  addition,  the  grey  contains  about  twice  as  much 
lecithin  as  the  white,  but  less  cerebrin. 

(4)  The  grey  is  richer  in  mineral  constituents  .than  the 
white.  The  ash  of  the  grey  substance  is  alkaline,  and  poorer  in 
phosphates  (Schlossberger)  ;  but,  according  to  Petrowsky, 
the  solid  residue  of  grey  substance  contains  0*629  per  cent, 
more  phosphoric  acid  than  that  of  the  white. 

(5)  The  grey  substance  is  weakly  acid,  containing  lactic  acid, 
the  acidity  increasing  after  death ;  the  white   substance  has  a 
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neutral  or  slightly  alkaline  reaction,  and  is  not  altered  by  the 
occurrence  of  death  (Gscheidlen). 

I.  LECITHIN,  C.^K.oNPO,,  or  C^^H^^NPO,.— This  body  is 
present  in  nerve  tissue,  particularly  the  grey  substance ;  also  in 
yolk  of  egg,  semen,  blood  corpuscles  and  serum,  milk,  and 
bile,  &c. 

Preparation.^ — 1.  Digest  the  yolk  of  egg  with  ether,  and  when  the 
residue  has  lost  its  colour  it  is  treated  with  absolute  alcohol,  and  the 
alcoholic  extract  filtered  ;  the  filtrate  is  cooled  to  —10°,  when  a  solid 
body  separates,  having  the  composition  C44Hg3NPO,j ;  while  if  the 
filtrate  is  evaporated  in  vacuo  a  body  having  the  composition 
C44H90NPO9  is  obtained.  This  last  corresponds  to  the  lecithin  of  the 
brain  (Diakonow).  Or,  instead  of  cooling  down  the  alcoholic  extract, 
an  alcoholic  solution  of  platinic  or  cadmic  chloride  may  be  added, 
which  precipitates  the.  lecithin  ;  the  yellow  precipitate  obtained,  after 
having  been  repeatedly  dissolved  in  ether  and  reprecipitated  by  alcohol 
to  purify  it  from  fatty  matters,  is  decomposed  by  passing  sulphuretted 
hydrogen  through  its  ethereal  solution,  It  is  then  filtered  and  the 
filtrate  evaporated,  when  chlorhydrate  of  lecithin  remains  behind. 
This  may  be  again  dissolved  in  alcohol  and  ether,  shaken  up  with 
oxide  of  silver,  filtered,  and  after  the  separation  of  the  dissolved 
silver  by  hydric  sulphide  filtered  afresh  and  evaporated. 

2.  It  may  also  be  prepared  from  the  hrain  substance.  Separate 
the  membranes  and  vessels  from  fresh  brain,  and  rub  the  latter  into 
a  paste  in  a  mortar  ;  then  digest  it  with  a  large  excess  of  alcohol,  and 
let  it  stand  for  3  or  4  days,  rubbing  it  up  from  time  to  time.  Filter 
and  add  to  the  filtrate  platinic  chloride  and  a  little  hydrochloric  acid. 
Collect  the  yellow  flocculent  precipitate  on  a  filter,  dissolve  it  in 
ether,  and  decompose  it  Avith  a  current  of  hydric  sulphide;  filter 
again  and  evaporate,  when  a  waxy  mass  will  be  obtained. 

General  Characters  and  Relations. — The  lecithins  play  the 
part  of  fatty  bodies,  and  are  readily  decomposed.  For  example, 
if  an  alcoholic  solution  of  lecithin  is  poured  into  boiling  baryta 
water,  a  precipitate  of  phospho-glycerate,  oleate,  palmitate,  and 
stearate  of  baryta  falls,  while  neurin  is  set  free,  C44Hj,oNPOj, 
+  3H20=:C3HgPOc(glycero-phosphoric  acid)  +  C5Hj5N05  (neu- 
rin) +  ^iS^ifizfii)  (stearic  acid).  An  ethereal  solution  is  split  into 
neurin  and  distearyl  phosphoric  acid  by  the  action  of  dilute 
sulphuric  acid. 

Lecithin  may  therefore  be  regarded  as  a  glyceride  in  which 
a  phosphoric  acid  residue  replaces  the  fetty  acid  radicle — 
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fO(C\,H3,0) 
C3hJ0(C„H3,0) 
(O  PO.OH 

OC2H/CH3)3N.OH. 
In  other  words,  it  is  a  combination  of  distearyl,  dipalmityl,  or 

oleopalmitjl    glycero- phosphoric  acid,  CgH^j  (N(CH3) 

lOPO  C^H^.OH, 
iO.OH 
with   neurin,   this   last  body    being    a    hydrate    of  trimethyl 

((CH3), 

hydroxylene    ammonium,    NjC^H^.OH  (Diakonow). 

(oh. 

Properties. — The  lecithin  of  brain  forms  a  colourless,  slightly 
crystalline  powder,  often,  however,  presenting  itself  as  a  white, 
waxy,  hygroscopic  solid,  that  is  easily  fusible,  insoluble  in  water, 
but  swelling  up  in  it  like  starch  and  forming  an  emulsion  which 
gives  a  flocculent  precipitate  with  sodic  chloride.  It  is  slightly 
soluble  in  cold  alcohol  and  ether,  but  easily  soluble  in  the  same 
fluids  when  warm ;  also  soluble  in  chloroform  and  benzole. 
Lecithin  is  readily  decomposed,  this  occurring  spontaneously 
at  70°,  and  even  at  ordinary  temperatures  the  same  occurs  when 
it  stands  some  time.  Its  alcoholic  solution  acidulated  with 
hydrochloric  acid  gives  with  platinic  chloride  a  yellowish  floccu- 
lent precipitate  of  the  double  salt ;  and  with  cadmic  chloride  a 
white  flocculent  precipitate. 

II.  PROTAGON  (Cerebrote). 

Preparation. — The  brain  is  washed  by  injecting  water  through 
the  carotids  ;  it  is  then  bruised  and  agitated  with  a  mixture  of  ether 
and  water  kept  at  a  temp,  of  0°,  and  frequently  renewed.  Alcohol  is 
then  added  to  the  extract  thus  obtained,  and  digestion  is  allowed  to 
go  on  some  time  at  a  temperature  of  45° ;  filter  next,  and  cool  the 
filtrate  to  0°.  Flocculi  will  thus  be  obtained,  which  are  to  be  collected 
on  a  filter,  washed  in  ether  to  free  them  from  cholesterin,  the  mass 
then  dried  in  vacuo  and  redissolved  in  alcohol  at  45°,  filtered,  and 
reprecipitated  by  reducing  the  temperature  very  slowly  to  0°.  This 
treatment  is  I'epeated  several  times,  and  a  fine  crystalline  white 
flocculent  precipitate  is  obtained  (Liebreich). 

Relations. — Protagon  forms  the  principal  part  of  the  white 
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substance  of  Schwann  ;  it  may  be  regarded  as  a  glucoside,  and 
lecithin  as  one  of  the  products  of  its  saponification  by  water. 
It  was  first  described  by  Liebreich,  and  closely  resembles 
Fremy  and  Bibra's  cerebric  acid  and  Gobley's  cerebrin  ;  for 
a  long  time  past  it  has  been  regarded  as  a  mixture  of  lecithin 
and  cerebrin,  but  some  recent  investigations  appear  to  point  to 
its  chemical  identity  (GtAMGEe),  although  the  evidence  on  the 
other  side  is  apparently  strong. 

Characters. — The  formulae  C,,6H24,N4P022  (Liebreich)  and 
^160^308^51^^35  (Gamgee,  &c.)  havo  been  assigned  to  it. 

When  crystallised  from  warm  alcohol  it  forms  small  fine 
needles  arranged  in  groups.  It  is  insoluble  in  water,  swelling 
up  in  it,  however,  in  the  form  of  a  gelatinous  mass  ;  it  is  insoluble 
also  in  cold  alcohol  and  ether,  but  is  soluble  in  warm  alcohoL 

III.  KEPHALINS  and  MYELINS,  &c.— Other  phosphorised 
principles  besides  protagon  and  lecithin  have  been  described  by 
Thudichum,  which  he  classifies  as  kephalins  (C42HygNPOi3)  and 
myelins  (CggHggNPOjj,  &c.)  They  are  all  soluble  in  water, 
kephalin  being  the  more  soluble,  myelin  only  slightly  so ;  while 
in  hot  alcohol  myelin  is  readily  soluble,  but  kephalin  to  a  less 
extent.  The  myelins  are  the  more  stable.  They  all  give  the 
Pettenkofer  reaction. 

In  addition  to  these,  other  new  combinations,  such  as 
myeloidin,  myelomargarin,  neurolic  acid,  &c.,  have  been  de- 
scribed by  Kohler  ;  but  further  proof  is  required  before  they 
can  be  definitely  accepted. 

IV.  DECOMPOSITION  PRODUCTS.— Certain  of  the  products 
of  decomposition  of  lecithin  and  protagon  are  the  same,  and  the 
chief  of  these  are  glycerin  phosphoric  acid,  neurin,  and  fatty 
acids. 

(a)  Glycerin  Phosphoric  Acid — 

CgH.POe  or  C3H5(OH),.O.PO(t)H)2. 
It  has  been  found  in  the  brain,  medulla  of  nerves,  in  muscle, 
yolk  of  egg,  and  in  bile  and  pus  ;  probably,  however,  it  owes  its 
presence  to  the  decomposition  of  lecithin. 

It  is  obtained  when  lecithin  is  decomposed  by  boiling  it  with  an 
alkaline  solution,  and  is  said  to  be  produced  synthetically  by  adding 
equivalent  quantities  of  phosphoric  anhydride  (P2O5)  or  powdered 
metaphosphoric  acid  (HPO3)  to  glycerin  contained  in  a  vessel  sur- 
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rounded  by  a  fi^ezing  mixture.  Water  is  afterwards  added,  and  baric 
carbonate  to  neuti^alisation ;  the  baric  phosphate  is  filtered  off,  the 
filtrate  carefully  neutralised  with  dilate  sulphuric  acid,  and  the  baric 
sulphate  removed.  Finally,  concentrate  in  vacuo  at  a  low  tempe- 
rature. 

Properties. — The  free  acid  forms  a  syrupy  mass  that  dissolves 
readily  in  water ;  it  is  dibasic,  and  is  precipitated  by  salts  of 
baryta  and  lead.  Its  combinations  with  baryta  and  lime  are 
insoluble  in  absolute  alcohol,  but  easily  soluble  in  water,  the 
calcium  salt  (C3H5(OH)2.0.PO,02C^)  being  more  soluble  in 
cold  than  in  hot  water;  its  combination  with  zinc  closely 
resembles  the  lactate  in  crystalline  appearance. 

The  phosphorus  present  in  nerve  matter  is  probably  in  the 
saturated  oxidised  form :  in  this  condition  it  seems  to  exist  not 
only  in  glycerin  phosphoric  acid,  but  also  in  lecithin  and 
nuclein. 

(b)  Neurin  {Bilineitrin^  Cholin),  CgHjgNOg,  possesses  the 
characters  of  an  alkaloid,  and  it  generally  occurs  associated  with 
lecithin.  It  is  identical  with  cholin,  a  decomposition  product 
of  bile. 

Neurin  itself  results  from  the  decomposition  of  protagon  and 
lecithin,  and  can  be  obtained  from  brain,  yolk  of  egg,  or  bile. 

Preparation.  1.  From  Brm7i.- — Wash  the  brain  with  water, 
then  break  it  up,  exhaust  it  with  ether,  and  boil  the  residue  with 
baryta  water  to  split  up  the  lecithin.  After  some  hours  the  excess  of 
baryta  is  removed  by  sulphuric  acid,  the  filtrate  concentrated,  and 
then  digested  with  alcohol.  The  alcoholic  solution  is  next  evaporated 
to  dryness,  and  the  residue  treated  over  a  hot  air  bath  with  a  solution 
of  plumbic  oxide  to  destroy  the  salts  of  ammonia.  Filter,  precipitate 
the  lead  with  sulphuretted  hydrogen,  evaporate  to  dryness,  make  an 
alcoholic  extract,  and  add  to  this  platinic  chloride ;  on  evaporation 
a  double  salt  of  neurin  and  platinic  chloride  is  obtained.  This  last 
is  washed  in  alcohol,  dissolved  in  water,  sulphuretted  hydrogen  passed 
through  the  solution,  the  whole  filtered,  and  the  filtrate  slowly 
evaporated.  Chlorhydrate  of  neurin  is  thus  obtained,  from  which  the 
neurin  can  be  sepai-ated  by  treating  it  with  silver  oxide. 

2.  From  Yolk  of  Fgg. — Exhaust  the  yolk  first  with  ether  and  then 
with  boiling  alcohol ;  distil  the  mixed  extracts,  and  boil  the  residue 
with  baryta  watei*.  Precipitate  excei^s  of  baryta  with  r  current  of 
carbonic  anhydride,  filter,  and  evaporate  to  dryness.     Dissolve  up  the 
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residue  in  absolute  alcohol,  filter,  and  add  platinic  chloride,  which 
throws  down  the  neurin.  From  the  yellow  crystalline  precipitate  the 
neurin  is  obtained  as  in  the  first  method. 

Properties. — Neurin  is  a  syrupy  liquid  that  is  alkaline  in 
reaction  and  soluble  in  water,  alcohol,  and  ether;  it  forms 
combinations  with  carbonic  and  sulphuric  acids,  and  double 
salts  with  the  chlorides  of  gold  and  platinum.  Neurin  is  a 
most  unstable  body,  as  when  heated  it  splits  into  glycol  and 
trimethylamine,  C2HXOH)3N(CH3)3  =  C,R,{011\  (glycol) 
+  N(CH3)3  (trimethylamine).  Its  hydrochlorate  crystallises  in 
colourless  needles  or  plates  insoluble  in  ether,  but  soluble  in 
alcohol,  from  which  solution  platinic  chloride  throws  down  a 
yellow  crystalline  precipitate. 

(c)  Cerebral  Fats,  &c. — These  bodies  appear  to  result  from 
the  decomposition  of  more  complex  bodies,  such  as  lecithin  and 
the  like.  They  include  stearin  and  stearic  acid,  palmitin  and 
palmitic  acid,  and  oleophosphoric  acid,  &g.  Many  of  them  may 
be  regarded  as  products  of  tissue  metamorphosis. 
.  (d)  Cholesterin,  CgoH^^O.— The  brain  contains  1*15  to  0*7 
per  cent.  (Flint)  ;  in  the  brain  of  a  boy  (aet.  15)  Benecke  found 
2*34  per  cent.,  and  in  that  of  a  woman  (get.  19)  2*12  per  cent. 
According  to  Bibra  it  forms  about  one-third  of  the  cerebral 
fat,  along  with  the  fats  constituting  over  half  the  total  solids  of 
the  white  substance,  and  more  than  one-fifth  of  the  solids  of 
the  grey. 

To  extract  the  cholesterin  from  a  body  like  the  brain  divide  it  into 
small  fragments  and  digest  repeatedly  with  ether;  decant  and  evaporate 
off  the  ether ;  treat  the  residue  with  boiling  alcoholic  solution  of  caustic 
potash ;  concentrate,  adding  a  little  water  from  time  to  time,  and  then 
shake  well  with  ether.  The  ethereal  solution,  when  decanted  and 
evaporated,  deposits  cholesterin ;  crystallise  the  deposit  afresh  from  a 
mixture  of  alcohol  and  ether. 

V.  CEREBRIN  {Gerehric  Acid,  Cerebrote,  Stearoconote), 
C,7H33N03  (C34HgcN20g,  Thudichum). — This  is  one  of  the  non- 
phosphorised  nitrogenous  constituents.  Besides  occurring 
largely  in  the  brain,  it  is  also  found  in  the  axis  cylinder  of 
nerves  in  the  yolk  of  eggs,  and  in  pus  corpuscles,  &c. 

Preparation. — 1.  Gobley  prepares  it  from  the  yolk   of  egg  by 


NERVE.  341 

boiling  its  ethereal  solution  with  dilute  hydrochloric  acid,  separating 
the  oily  layer,  and  leaving  it  aside.  After  a  time  flocculi  are  de- 
posited, which  are  dissolved  in  boiling  alcohol,  and  reprecipitated,  on 
the  alcohol  cooling,  in  a  crystalline  condition. 

2.  In  the  case  of  the  hrain  the  nerve  substance  is  rubbed  up  with 
baryta  water  so  as  to  form  a  thin  milky  fluid,  then  boiled,  and  the 
resulting  coagulum  extracted  with  boiling  alcohol;  the  alcoholic 
solution  on  cooling  deposits  cerebrin  and  cholesterin,  the  latter  of 
which  is  removed  by  cold  ether.  The  insoluble  residue  is  purified  by 
repeated  crystallisation  from  boiling  alcohol  (MtJLLER). 

3.  The  residue  left  by  the  alcohol  in  the  preparation  of  lecithin  is 
to  be  repeatedly  digested  with  large  quantities  of  ether  until  the 
exhaustion  is  complete ;  now  extract  the  hot  alcohol  several  times 
and  filter  hot :  cerebrin  crystallises  out  on  the  alcohol  cooling. 
Filter  off  the  alcohol  and  wash  the  crystalline  precipitate  with  ether ; 
then  boil  it  for  an  hour  with  baryta  water.  Pass  a  current  of  carbonic 
acid  gas,  filter,  and  wash  the  precipitate  with  water  and  alcohol ;  then 
digest  the  precipitate  with  hot  alcohol  and  filter  while  still  warm. 

The  crystalline  deposit  may  be  again  dissolved  in  hot  alcohol,  and 
after  being  once  more  allowed  to  settle  it  is  washed  afresh  with  ether 
and  then  dried. 

DiAKONOW  has  obtained  it  by  the  decomposition  of  the  protagon  of 
brain  or  of  yolk  of  e^g. 

Properties. — Cerebrin  forms  a  soft,  light,  amorphous,  mode- 
rately hygroscopic  powder  that  is  insoluble  in  water,  swelling  up 
in  it,  however,  like  starch  when  boiled  ;  insoluble  also  in  boiling 
alkalies  and  cold  alcohol  and  ether,  but  soluble  in  boiling 
alcohol,  ether,  acetone,  and  chloroform. 

Cerebrin  may  be  regarded  as  a  nitrogenous  glucoside,  as  it 
furnishes  a  left  polarising  unfermentable  sugar  when  boiled  with 
acids.  It  combines  with  bases,  and  its  solutions  are  neutral  and 
not  decomposed  by  long  boiling  with  water,  although  it  is  com- 
pletely broken  up  when  heated  with  baryta  water. 

Composition  and  Formulae. — Although  the  formula  C17H33NO3 
has  been  assigned  to  it  by  Muller,  it  is  still  uncertain  whether  it  is 
a  chemical  compound  or  a  mixture.  The  formula  0^711,09^012  is 
given  to  it  by  Geoghegan,  and  its  percentage  composition  has  been 
stated  as  C  =  66-35,  N  =  2'29,  H  =  10-96,  0  =  20-40.  Cerebrin 
prepared  after  Mlller's  process  yielded  Parous  the  formula 
CgoHi^joN^^is-  I^  ^he  mother  liquor  Parcus  also  obtained  two 
other     bodies,        homocerehrin      {^^o^i^o^^^w)      ^'^^     tncefhalin 
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(C,02H206^i4Oi9).  Parcus's  cGrebrin,  however,  c]iffei*s  considerably 
from  the  cerebrin  described  by  Muller  both  in  its  percentage 
composition  and  in  its  properties.  He  considers  that  Thudichum,  in 
some  of  his  compounds,  must  have  been  examining  impure  specimens 
of  cerebrin,  which,  on  the  other  hand,  Thudichum  denies,  at  the 
same  time  questioning  the  general  accuracy  of  Parcus's  results. 
Parcus,  it  may  be  said,  further  concludes  that  nitrogen  is  not 
removed  by  alcohol  from  cerebrin,  and  that  the  cerebrins  previously 
described  consist  of  mixtures  of  cerebrin,  homocerebrin,  and  en- 
cephal.n. 

VI.  NEURO-KERATIN.— This  is  the  same  sulphur-contain- 
ing body  that  is  found  in  epidermic  structures,  such  as  hair  and 
nail.  The  central  and  peripheral  nervous  system  are  developed 
from  the  same  layer  of  the  blastoderm  as  the  epidermis,  and 
one  point  in  common  remains  between  them  in  the  fact  of  their 
both  yielding  keratin. 

Neuro-keratin  is  obtained  by  macerating  sections  of  nerve  tissue 
in  an  artificial  digestive  fluid,  and  then  extracting  the  residue  w^itb 
dilute  alkali,  as  follows  :  Exhaust  finely  divided  gi^ey  substance  of  ox 
brain  with  alcohol  and  then  with  ether ;  dry  and  powder  the  residue, 
which  is  again  boiled  with  alcohol  and  afterwards  with  water,  when 
it  is  to  be  digested,  first  with  pepsin  fluid,  and,  after  having  been 
washed  in  water,  again  digested  for  24  hours  with  trypsin  fluid 
containing  salicylic  acid,  and  subsequently  for  six  hours  in  fresh 
trypsin  fluid  at  a  temperature  of  40°.  The  residue  is  washed  with 
cold  water  and  then  with  hot  sodic  carbonate  solution,  and  afterwards 
extracted  with  dilute  caustic  soda  (^  per  cent.)  What  is  left  behind 
is  treated  with  acetic  acid,  alcohol,  and  ether  in  succession.  A  yellow 
powder  remains. 

Neuro-keratin  contains  2*9  per  cent,  sulphur  and  1*6  per  cent, 
ash ;  and  when  boiled  with  dilute  sulphuric  acid,  like  keratin 
of  horn,  it  yields  much  tyrosin  but  less  leucin.  Some  15  to  20 
per  cent,  of  this  body  is  said  to  be  present  in  the  brain  substance. 

YII.  FHRENOSIN  is  a  body  prepared  by  Thudichum  from  the 
white  matter  that  separates  on  cooling  an  alcoholic  extract  of  the 
brain,  by  submitting  it  to  repeated  fractional  crystallisations  from 
alcohol,  and  precipitation  of  the  phosphorised  bodies  by  lead  acetate 
and  cadmium  chloride.  The  phrenosin,  together  with  kerasin  and 
cerebrous  acid,  according  to  Thudichum,  remain  in  solution  and  are 
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separated  by  fractional   crystallisation  from  much  alcohol,  which,  on 
being  cooled  to  28°,  deposits  chiefly  phrenosin.  ^ 

This  body  is  white,  tasteless,  and  odourless,  and  crystallises  from 
absolute  alcohol  in  white  rosettes.  The  formula  C41H79NO8  is 
assigned  to  it.  By  long-continued  action  upon  it  of  dilute  sulphuric 
acid  at  a  moderately  high  temperature  cerehrose  (CgHiaOe), 
sjjhiiigosm  (C17H3SNO3),  a  crystalline  alkaloid,  and  neuro-stearic 
acid  (C18H36O2)  are  said  to  be  formed  (Thudichum). 

The  following  is  the  method  adopted  by  Thudichum /or 
isolating  and  separating  the  brain  constituents  : — 

A  series  of  brains  are  freed  from  their  membranes,  rapidly 
washed  in  water,  hardened  in  alcohol,  minced  and  reduced  to  a 
pulp  with  spirit  (85  per  cent.),  and  repeatedly  extracted  with 
the  same  fluid,  being  heated  for  some  time  to  50°  C.  ;  the  warm 
solution  is  filtered,  and  the  filtrate  allowed  to  cool.  An  un- 
dissolved albuminous  residue  remains  behind. 

i  ''  ! 

Alcoholic  Extract. — This  on  cooling  deposits  a  white  precipitate,  which         Insoluble  albuminous 
1nxsD\cvi.Viii  terms  uhitemitter.    After  filtration  the  mother  liquor  residue, 

is  concentrated  by  distillation,  and  on  cooling  a  buttei-y  matter  is 
deposited.  Further  concentration  yi«lds  more  of  the  same  sub- 
stance (the  lust  oily).  The  ultimate  filtrate  contains  the  water 
extracts. 

These  deposits  are  extracted  by  means  of  ether 
I 


I  I 

Reddish-coloured  fluorescent  solution  which  White  insoluble  matter,  consisting  mainly 

is  prtcipitated    by  an  equal    volume    of  of  the  eerebrins  and    myelivs.      They 

alcohol  may  be   separated    by  fractional   re- 

I '  crystallisation  from  hot  alcoholic  solu- 

i  I  tions,   and  precipitated   by  alcoholic 

A  precipitate  of  kephalim  mixed         A  mother  solutions  of  lead  acetate  and  cadmtc 

with  cholesterin  and  h  cilhin  liquour  chloride. 

Distil  to  remove  ether  and  a  little  Distil  still  further  :  lecithin  with  some  cholesterin  deposited 

of  the  alcohol :  on  cooling  on  cooling.    The  rccrystallisation  of  this  deposit  from 

I  alcohol  gives 

i  „ I 


Cholesterin          The  filtrate  is  precipi-                     1  | 

deposited             tated    by    alcoholic          Deposit    of  Solution  containing  lecithin  with 

solution  of    cadmic            cholesterin.  some   kephalin    and    myelin, 

cMoi'ide  from  which  it  may   be  sepa- 

\ raled   by   alcoholic  solution  of 

The  precipitate  is  extracted        Filtrate  that  deposits 
with  ether  cliolesterin  on  being 

I  concentrated. 


caamic  chloride. 


Solution  of  kcpha-       Insoluble  mixture 
Ins  ;      precipi-  of  lecithin  with 

tated  by  a/co/iciZ.  some       myelin 

salt. 

The  author  has  followed  the  above  method  on  a  small  scale  with 
very  good  results,  though  it  entails  the  expenditure  of  much  time  and 
trouble. 
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Sonnenschein's  Method  for  Isolating  Alkaloidal  Principles, — 

This  is  especially  applicable  to  nerve  substance.  The  reagent,  which 
is  a  phospho-molybdic  solution,  is  thus  prepared :  Molybdate  of 
ammonia  and  sodic  phosphate  are  dissolved  together  in  such  pro- 
portions that  30  parts  of  phosphorus  are  present  for  one  of  molyb- 
denum ;  this  solution  is  precipitated  by  nitric  acid,  and  the  yellow- 
precipitate  obtained  is  dissolved  in  a  strong  solution  of  sodic  carbonate. 
The  solution  is  evaporated  to  dryness  and  then  fused  after  the  addition 
of  a  little  nitre.  When  required  for  use  it  is  dissolved  in  water,  and 
dilute  nitric  acid  (1  to  6)  added  until  a  golden  yellow  colour  is 
attained. 

This  reagent  is  added  to  the  alkaloidal  solution  to  complete 
precipitation,  the  precipitate  filtered  off  and  washed  with  acidulated 
water,  the  acid  used  being  at  first  nitric  and  then  sulphuric ;  after- 
wards it  is  heated  with  saturated  baryta  water,  which  gives  a 
precipitate  of  phospho- molybdate  of  barium.  Carbonic  acid  is  next 
passed  through  the  solution  and  the  precipitated  baryta  separated  by 
filtration,  the  alkaloid  remaining  behind  in  solution. 


CHAPTER  XXir. 

THE  EYE. 

Eetina,  Aqueous  and  Vitreous  Humour,  and  Cornea. 

I.  The  reaction  of  the  fresh  retina  is  acid,  but  after  twenty- 
four  to  forty-eight  hours  in  the  dark  it  is  neutral. 

Among  the  bodies  that  can  be  extracted  from  the  retina 
are  albumin,  an  albuminoid,  trimethylamine,  cholin,  neuro- 
keratin, nuclein,  myeloid  bodies,  and  fats  of  different  colours, 
varying  between  golden  yellow  and  orange,  the  coloration 
being  due  to  lipochrin  (KiJHNE),  a  body  allied  to  lutein. 

Cahours  gives  the  subjoined  analysis  of  the  retina  : — 


Water     . 

.     86-52 

Cholesterin 

.     0-77 

Albuminoids  , 

6-77 

Fat  . 

.     0-47 

Bodies  resembling  albu 

Lecithin  . 

.     208 

minoids 

.       1-59 

Soluble    salts  . 

.     0-9B 

Alcoholic  extractives 

0-25 

Insoluble     „     . 

.     002 

Watery 

0-52 

Cerebri  n   . 

.    traces 

The  salts  are  chiefly  phosphate,  chloride,  and  carbonate  of 
soda,  with  sulphate   and   chloride  of   potassium.      The  albu- 


THE  EVE.  346 

minoids  include  myosin,  serum  albumin,  and  a  body  resembling 
mucin. 

The  rods  and  cones  contain  keratin  as  well  as  an  albuminous 
and  a  myeloidal  body  (KOhne).  In  the  cones  small  particles  of 
coloured  fat  are  to  be  seen.  This  coloured  fat  is  named  chronio- 
pkane,  and,  according  to  its  colour,  is  distinguished  as  chloro- 
phane,  xanthophane,  &c.,  each  having  its  own  absorption 
spectrum.  This  chromophane  appears  tobe  pre-existent  (KiJHNE), 
but  whether  there  is  only  one  colouring  stuff  present  or  several 
seems  still  a  matter  of  opinion  (Walchi,  Capranica,  e^c.)  The 
chromophane,  according  to  Kuhne,  is  not  altered  by  the  action 
of  alcohol,  ether,  benzol,  chloroform,  or  an  alcoholic  solution  of 
caustic  soda.  RetinoB  rapidly  dried  in  vacuo  and  rubbed  up 
with  ice-cold  alcohol  readily  part  with  their  chromophane  ;  and 
this  solution  when  evaporated  leaves  behind  a  reddish  varnibh- 
like  residue  from  which  water  extracts  a  colourless  crystalline 
substance.  By  making  a  hot  alcoholic  extract  of  a  number  of 
retinae,  filtering  hot,  washing  with  warm  alcohol,  and  then  ex- 
tracting with  ether,  chromophane  can  also  be  obtained.  The 
ethereal  extract  is  next  to  be  evaporated  and  the  pale  super- 
natant layer  removed  with  a  pipette  from  the  coloured  residue 

(KiJHNE). 

The  retinal  rods  were  first  described  by  Krohn,  H.  Muller, 
and  ScHULTZE  as  being  red-coloured  in  many  animals.  Boll 
next  described  the  retinae  of  frogs  and  other  animals  that  had 
been  kept  some  time  in  the  dark  as  presenting  a  purple  tint, 
while  the  retinae  of  animals  that  had  been  exposed  to  the  direct 
sunlight  were  completely  colourless.  This  red  or  purple  tint  of 
the  living  retina,  which  the  exposure  to  light  rapidly  destroyed, 
was  restored  again  by  allowing  the  retina  to  rest  in  the  dark  ; 
indeed,  in  the  living  eye  this  visual  purple  is  being  constantly 
decomposed  and  as  constantly  regenerated  by  the  chloroidal 
epithelium.  The  red  colour  appears  to  reside  in  the  outer 
limbs  of  the  rods,  and  to  change  into  a  yellow  before  disappear- 
ing. Among  these  red  rods  Boll  also  described  bright  green 
rods  which  likewise  lost  their  colour  on  exposure  to  the  light. 
KiJHNE's  subsequent  researches  establish  the  fact  that  this 
visual  purple,  as  it  has  been  called,  is  highly  sensitive  to  light, 
and   that  images  may   be  temporarily   photographed   on  the 
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retina  by  its  means,  and  thus  produce  the  accuracy  of  the  visual 
impressions.  Vision  therefore  appears  to  be  attended  with  an 
obvious  chemical  attraction  in  the  retinal  rods,  and  it  is  possible 
that  this  chemical  change  may  be  propagated  to  the  central 
organs  ;  but  that  this  change  of  colour  is  not  essential  to  correct 
vision  appears  from  the  absence  of  the  visual  purple  from  the 
eyes  of  several  animals,  and  particularly  from  the  most  sensi- 
tive point  of  the  human  eye,  the  fovea  centralis, 

KtJHNE  has  obtained  this  vision  purple  by  acting  in  the 
dark  on  the  purple-coloured  rods  with  a  tw^o  to  three  per  cent, 
solution  of  the  soda  salt  of  the  biliary  acids,  filtering,  and  then 
separating  the  soda  salt  by  osmose  :  a  myelin,  purple-coloured 
magma  was  thus  separated,  w^hose  colour  is  also  removed  by  ex- 
posure to  the  light,  first,  however,  becoming  yellow ;  or,  as  KiJHNQ 
expresses  it,  the  visual  purple  has  as  its  products  a  visual  yellow 
and  a  visual  white.  The  colour  is  destroyed  by  the  action  ot 
the  caustic  alkalies,  and  is  taken  up  by  alcohol,  ether,  chloro- 
form, iodine,  and  bromine.  The  visual  purple  resists  strongly 
the  action  of  oxidising  and  reducing  agents.  KiJHNE  only 
found  the  visual  purple  in  the  outer  part  of  the  rods,  but  absent 
from  the  cones,  the  intensity  of  the  coloration  varying  in 
different  animals,  while  in  some  all  coloration  is  absent.  It 
is  said  to  possess  an  absorption  spectrum.  Its  carmine  red 
solution  in  the  soda  salt  of  the  biliary  acids  absorbs  all  the  light 
rays  from  yellowish  green  to  violet. 

The  red  colour  presented  by  the  retina  under  ophthalmic 
examination  is  due  in  part  to  this  pigment,  but  also  to  the  blood 
in  the  vessels. 

II.  In  the  pigmentary  layer  of  the  retina  are  to  be  met  with 
flattened  hexagonal  nucleated  cells  filled  with  pigment.  This 
fuscin  pigment  or  melanin  (1)  occurs  as  small  browmish  granules 
that  are  insoluble  in  water,  alcohol,  ether,  and  dilute  mineral 
acids.  Its  origin  is  supposed  to  be  the  hoematin  of  the  blood. 
It  contains  0*25  per  cent,  of  iron,  and  has  this  percentage 
composition : — 


(SCHKRKR) 

(BOROW) 

C  =  58-08 

51-0 

II  =     5-91 

r>-3 

N  =   13-76 

101 

0  -  22-23 

30-0 

Ash 

.     0-6 
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Coloured  oily  drops  (2)  are  met  with  in  the  retinae  of  fishes, 
birds,  reptiles,  and  of  some  mammals.  These  drops  are 
yellowish  green  to  a  ruby  red  colour ;  with  strong  sulphuric 
acid  the  colour  changes  to  a  dark  violet  or  deep  blue.  The 
yellow  and  red  drops  contain  the  same  pigment ;  and  the  yellow 
solution  of  the  pigment  in  alcohol,  ether,  or  chloroform  gives 
two  absorption  bands,  one  at  the  line  F  and  the  other  between 
F  and  G,  somewhat  resembling  lutein. 

Together  with  the  vision  purple  there  therefore  appear  to 
be  three  pigments  in  the  retina. 

III.  (a)  Aqueous  Humour  (Lohmeyer). — 

Per  cent. 

Water 98*68    to 

Solids     .... 
Albumin 
Extractives 
Inorganic  salts  . 

Sodic  chloride         .    ' 
Potassic     „ 

„        sulj.liate    .    . 
Calcic  and  magnesio  phosphate 


98-68 
1-32 
0-12 
0-42 
0-77 
0-G8 
001 
002 
0-04 


98-64 
1-36 
013 
0-32 
0-88 
0-77 
0-06 
001 
001 


The  aqueous  humour  contains  serum  albumin  and  globulin,  which 
are  present  in  the  relative  proportions  of  0*06  and  0*09  per  cent. 

(h)  The  fluid  expressed  from  the  vitreous  humour  (which 
is  itself  mucous  connective  tissue)  has  an  alkaline  reaction,  is 
coagulated  by  the  addition  of  acids,  alkalies,  and  acetate  of  lead, 
but  is  not  coagulated  by  heat  or  by  the  addition  of  alcohol. 

The  vitreous  humour  contains  only  14  per  cent. .  solids,  of 
which  more  than  half  are  inorganic  salts,  together  with  a  little 
mucin  and  traces  of  albumin.     It  has  a  density  of  1*33. 

IV.  Tears  have  a  simple  composition  (Lerch)  ;  they  are 
clear  and  slightly  alkaline. 

Per  cent. 

Water 1)8-0 

Albumin,  with  traces  of  mucus      ....       0-") 

Sodic  chloride .1-3 

Other  salts  (as  alkaline  and  earthy  phosphates)    ,       0-()2 

For  the  crystalline  lens  see  p.  295. 

V.  The  Cornea  is  a  lamellated,  white  fibrous  structure  which 
is  covered  anteriorly  by  a  lamellated  pavement  epithelium, 
and  posteriorly  by  an  elastic  lamina.     The  white  fibrils  are  ex- 
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tremely  fine  and  are  arranged  in  ribbon-like  fasciculi  that  are 
closely  interwoven  in  layers,  between  w^hich  are  plexuses  of 
connective-tissue  corpuscles  lying  in  a  system  of  serous  canals 
that  form  a  canalicular  system  throughout  the  entire  corneal 
substance. 

The  cornea,  unlike  ordinary  connective  tissue,  yields  chon- 
drin,  or  a  body  analogous  to  it,  instead  of  gelatin  on  boiling,  the 
ground  substance  being  chondrogen ;  but  there  is  still  some 
difference  of  opinion  as  to  the  actual  identity  of  the  product.  A 
solution  does  not  give  a  precipitate  with  acetate  of  lead  ;  and 
the  precipitate  it  forms  with  alum  is  not  soluble  in  excess ; 
neither  does  it  furnish  sugar  when  boiled  with  acids.  His  gives 
this  analysis  of  the  corneal  substance  : — 


Per  cent. 

Per  cent. 

Water       ....     75-8 

Soluble  mineral  salts 

.     0-8 

Chondrin ....     20-4 

Insoluble           „ 

.     01 

Bodies  insoluble  in  water       28 

The  protoplasm  of  the  cells  yields  myosin  (Kuhne).  The  cornea 
is  minced  and  digested  in  a  saturated  solution  of  sodie  chloride  for 
24  hours  in  a  vessel  surrounded  by  a  mixture  of  ice  and  salt ;  the 
liquid  is  filtered  and  the  myosin  precipitated  by  the  addition  of  excess 
of  water.  Paraglohulin  is  removed  at  the  same  time,  and  may  be 
precipitated  from  the  myosin  filtrate  by  passing  through  it  a  current 
of  carbonic  acid  gas.  By  macerating  the  cornea  in  water  an  alkali 
albuminate  can  be  extracted. 


CHAPTER   XXII r. 

THE  SKIN. 

The  skin  consists  of  a  superficial  cellular  layer,  the  epidermis 
(see  p.  292),  and  of  a  deep  thick  layer,  or  cutis,  which  is  formed 
of  connective  tissue,  and,  like  it,  yielding  gelatin  on  boiling ; 
it  dissolves  in  great  part  in  acids  and  alkalies,  and  combines 
with  tannic  acid  and  salts  of  iron  and  mercury. 

The  skin  is  the  seat  of  a  continuous  exhalation  and  absorp- 
tion of  gaseous  substances,  and  to  these  the  name  of  cutaneous 
respiration  has  been  given.  By  the  perspiration  the  skin 
discharges  some  of  the  waste  products  of  the  body,  eliminating 
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vapour  of  water,  carbonic  anhydride,  and  a  little  nitrogen,  and 
probably  absorbing*  a  little  oxygen.  If  an  animal's  body,  with 
the  exception  of  its  head,  be  confined  in  a  small  chamber  filled 
with  air,  after  some  hours  the  air  will  have  its  carbonic  anhy- 
dride slightly  increased,  its  oxygen  slightly  diminished,  and  its 
nitrogen  almost  unaltered,  the  oxygen  absorbed  being  somewhat 
greater  than  the  carbonic  anhydride  exhaled  (Regnault,  &c.) 

The  secretion  work  of  the  skin  is  done  by  the  sudoriparous 
and  sebaceous  glands ;  and  the  amount  depends  greatly  on  the 
state  of  dilatation  or  contraction  of  the  blood  vessels,  which  is 
under  the  governance  of  the  nervous  centres,  their  diameter 
being  directly  affected  by  the  activity  of  the  secretory  fibres, 
just  as  is  the  case  with  the  submaxillary  gland. 

The  Sweat  is  the  secretion  of  the  sudoriparous  glands. 
Normal  sweat  is  a  more  or  less  clear  and  transparent  fluid, 
having  a  peculiar  odour  and  a  density  of  1004 ;  possessing  the 
character  of  a  blood  diffusate,  and  having  dissolved  in  it  a 
part  of  the  perspiration  gases,  and  a  very  small  proportion  of 
solids.  The  reaction  is  alkaline  (Luchsingee)  ;  but  as  to  this 
authorities  differ,  some  stating  it  to  be  acid  when  freshly 
collected  (probably  from  containing  more  of  the  fatty  acids), 
and  becoming  alkaline  after  standing  even  half  an  hour  (Hoppe 
Seylek).  After  prolonged  and  especially  profuse  sweating, 
however,  the  reaction  is  neutral  and  finally  alkaline,  and  at  the 
same  time  the  urea  and  mineral  salts  are  slightly  increased 
(Funke),  the  urea  of  the  urine  being  simultaneously  dimi- 
nished (Leube). 

Chemical  Compositou  of  Sweat. — The  chief  components  are 
water  and  a  very  small  amount  of  salts  and  of  carbonic  acid. 

Human  Sn-eat  (after  PiCARD,  SCHOTTIN,  &c.) 

Per  cent. 

Water 98-88 

Solids M2 

Salts 0-57      - 

Sodic  chloride 0-22  to  0-33 

Alkaline  sulphates,  phosphates,  and  lac- 
tates, and  potassic  chloride    .         .         .       0-18 
Fats,  fatty  acids,  and  cholesterin      .         .       0-41 

Epithelium 0-17 

Urea 0-08 

The  mean  of  the  solids  is  about  1-2  per  cent.  (1*8  per  cent.  Funke), 
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I  of  which  is  organic,  and  about  0*33  per  cent,  of  ash.  The  water 
varies  from  97  to  99  5  per  cent.  While  Funke  regarded  the  excre- 
tion of  urea  by  the  skin  to  be  considerable,  Ranke  could  not  find  it ; 
Favke,  however,  estimated  it  at  0-04  gram  in  the  24  hours.  Funke 
also  obtained  more  fixed  residue  in  the  sweat  of  the  feet  than  of  the 
arms,  and  Schottin  found  more  potassic  chloride  in  the  former  than 
in  the  latter.  The  ammoniacal  salts  so  often  present  are  probably  the 
result  of  a  decomposition  of  urea. 

Comparing  urine  and  sweat  together,  the  solids  in  14  litres  are — 


Sweat. 

Urine. 

Grams 

Grams 

Chlorides 

.     34-63 

57-01 

Sulphates 

.       016 

21-76 

Phosphates 

.     traces 

5-38 

Alkalies  expressed  us  soda 

.       4-18 

2-49 

Organic  matter 

.     22-92 

139-65 

Melmiin  is  the  pigment  contained  in  the  cells  of  the  rete  iriucosuui, 
particularly  in  the  skin  of  the  negro.  It  has  already  been  described 
as  existing  in  the  pigment  layer  of  the  retina ;  like  this  body  it  forms 
fine  amorphous  granules  that  are  insoluble  in  water,  alcohol,  ether, 
dilute  alkalies,  and  acids,  but  slowly  soluble  in  boiling  concentrated 
mineral  acids  and  alkalies.  The  name  melanin,  it  may  be  said,  is 
applied  to  the  pigments  found  in  the  eye,  skin,  lymphatic  glands,  and 
lung  tissue ;  although  it  is  not  exactly  the  same  in  all  these  i)arts,  it 
may  be  uniformly  regarded  as  a  derivative  of  the  blood  pigment,  with 
a  percentage  composition  lying  within  these  limits  : — 


c      . 

.     51-7  to  58-3 

Fe      . 

.       0-3 

H       . 

.       4-0  „     5-9 

0 

.     22-0  to  35-4 

N        . 

.       7-1  „  13-8 

As  to  the  avioitnt  of  tuater,  Seguin  states  that  about 
1*2  gram  of  fluid  is  given  off  by  the  skin  and  lungs  in  one 
minute,  of  which  0*7  gram  comes  from  the  skin  and  0-5  gram 
from  the  lungs — that  is,  about  18  grains  of  water  per  minute,  1 1 
by  the  skin  and  7  by  the  lungs.  In  the  24  hours  from  1  to  5  lbs. 
may  be  thus  discharged,  the  average  loss  by  the  skin  varying 
from  1  to  2  lbs.  During  vigorous  exercise  the  hand  and  fore- 
arm give  off,  on  a  summer  day  with  a  temperature  of  28"  in 
the  shade,  about  48  grams  of  sweat  in  an  hour,  while  with  very 
moderate  exertion  in  a  room  at  18°  only  about  4*3  grams  in 
the  same  time.  Of  the  large  amount  thus  excreted  by  the 
skin  the  greater  part  passes  off  as  insensible  perspiration.     In 
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addition  to  exercise  and  temperature  the  quantity  is  affected 
by  the  dryness  oi  the  air,  the  amount  of  fluid  drunk,  as  well 
as  the  nature  and  quantity  of  the  food ;  but  the  activity  of  the 
skin  depends  largely  on  the  state  of  the  kidneys.  Mental 
conditions  also  exert  a  considerable  influence  on  the  secretion 
of  sweat. 

The  amount  of  carbonic  anhydride  is  not  much  above 
2  grams  in  the  24  hours,  though  by  some  authorities  it  is 
stated  to  vary  between  4  (Aubert)  and  10  grams  (Scharling) 
in  the  24  hours.  It  is  increased  by  exercise  and  elevation  of 
temperature.  At  most  the  carbonic  anhydride  thus  exhaled  rarely 
rises  to  the  5V^^  ^^  ^^^^^  given  off  by  the  lungs  (Scharling)  ; 
but  under  ordinary  circumstances  it  is  probably  much  less  than 
this,  according  to  some  observers  the  proportion  between  the 
carbonic  acid  exhaled  by  the  skin  and  by  the  lungs  not  being 
more  than  I  to  400. 

Mixed  with  the  sweat  we  find  the  secretion  of  the  sebaceous 
glands,  which  varies  somewhat  according  to  the  region  from 
which  it  is  derived.  When  freshly  poured  out  it  forms  an  oily, 
half  fluid  mass,  which  on  cooling  appears  as  a  white,  greasy 
body.  Under  the  microscope  it  presents  fatty  particles,  epi- 
dermic cells,  and  cholesterin  crystals.  It  consists  of  a  casein- 
like albumin,  olein,  palmitin,  soaps,  cholesterin,  and  inorganic 
salts,  particularly  earthy  phosphates,  and  alkaline  chlorides 
and  phosphates. 

The  Sebaceous  Sccretiati. 

(VOGEL) 


(Petuequin) 

Water 10 

Fatty  matters  (olein  and  stearin)     26 
Soaps    soluble    in    alcoliol    and 

water      .....     38 
Soaps  soluble  in  water  and  in- 
soluble in  alcohol  .         .         .14 
Insoluble  organic  bodies      .         .12 
Lime  and  soda     .  *      .         .         traces 


Water        .... 
Solids         . 

Epithelium  and  albumin 

Fat  (palmitin) 

Fatty  acids  (bvityric,  valeric 

caproic) 
Ash         .... 


31-7 
68-3 

61-7 
4-1 

1-2 
1-2 


When  the  glands  are  obstructed  a  thick  mass  accumulates,  consist- 
ing of  altered  epithelial  scales,  cholesterin,  fatty  matters,  and  occa- 
sionally leucin  and  tyrosin. 

Pathology.  Skin. — In  ichthyosis  along  with  keratin  there  is 
much  cholesterin,  a  fluid  and  a  solid  fat,  and  hippuric  acid  ;  and 
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silica  in  the  ash.     In  ])ellafj7Yi  there  is  also  a  fluid  and  solid  fat,  much 
cholesterin,  some  leucin  and  tyrosin,  and  much  silica  in  the  ash. 

Sweat. — The  odoicr  undoubtedly  varies  in  many  diseases,  and 
sometimes  characteristically  so.  In  jaundice  it  may  be  coloured 
yellovnsh  from  the  presence  of  biliary  fragments,  and  even  stain  the 
linen.  It  may  have  a  blue  tint  from  the  presence  of  some  of  the 
indigo  derivatives ;  hiematin  derivatives  have  also  been  observed 
(Robin,  Foot),  likewise  blood  in  red  sweat.  Strongly  alkaline  sweat 
from  the  presence  of  ammoniacal  salts  is  occasionally  met  with  in 
uraemia,  gout,  &c. ;  and  very  acid  sweat  in  acute  rheumatism  and 
rickets. 

Urea  has  been  found  increased  in  the  sweat  in  cholera  and 
uraemia,  and  in  the  sweat  of  the  face  in  scarlatinal  nephritis  with 
anuria ;  sugar  in  diabetes  ;  albumin  in  acute  rheumatism  and  forced 
sweating ;  cystin  in  cystinuria ;  lactic  acid  frequently  in  puerperal 
fever,  and  occasionally  in  scrofula  and  rickets  ;  uric  acid  in  arthritis, 
and  oxalate  of  lime  in  gout. 

Drugs. — Iodine  and  potassic  iodide,  tartaric,  succinic,  and  benzoic 
acids  may  appear  in  the  perspiration  after  their  administration  ;  the 
iodine  ingested  is  eliminated,  however,  less  rapidly  in  the  sweat  than 
in  the  saliva.  When  mercuric  iodide  is  taken  the  iodine  with  a  small 
portion  of  the  mercury  appears  in  the  urine  and  saliva,  and  the 
mercury  as  perchloride  in  the  sweat.  After  the  use  of  arseniate  of 
iron  alkaline  arsenites  are  found  in  the  sweat,  and  iron  in  the  urine. 
Quinine,  alcohol,  sulphur,  and  assafoetida  have  been  recognised  in  the 
sweat  after  ingestion. 

By  covering  the  skin  of  an  animal  with  an  impermeable  varnish 
it  was  stated  by  Rohrig  that  the  tempeiature  was  reduced,  and  a 
peculiar  pyrexia  set  up,  owing  to  the  retention  of  some  of  the  sweat 
constituents,  or  to  the  consequent  dilatation  of  the  cutaneous  vessels, 
or  to  some  other  unknown  cause  that  may  be  classi6ed  as  the  produc- 
tion of  abnormal  tissue  change.  A  somewhat  similar  pyrexia  with 
albuminuria  is  said  to  be  produced  by  the  injection  of  the  fresh 
filtered  human  sweat  into  the  veins  of  a  rabbit. 

But  the  effects  of  the  varnishing  do  not  appear  to  be 
nearly  so  serious  as  KoHRiG  believed,  for  the  author  has  re- 
peatedly seen  the  experiment  performed  with  comparatively 
slight  results. 
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THE  LIVER. 

The  liver  is  the  largest  gland  in  the  body.  Its  importance  is 
seen  by  the  amount  of  blood  present  in  it,  but  its  close  con- 
nection with  the  intestine  is  indicated  by  its  small  supply  of 
arterial  blood  in  proportion  to  the  large  amount  of  venous  blood 
containing  the  absorbed  products  of  intestinal  digestion  which 
passes  through  it. 

In  addition  to  the  important  changes  it  produces  on  the 
blood  and  its  corpuscles  (possibly  being  a  generator  of  new 
blood),  the  liver  is  also  the  seat  of  the  formation  of  bile  and 
glycogen  ;  it  is  further  probable  that  it  is  one  of  the  great 
centres  of  urea  formation,  although  Hoppe  Seyler,  it  should 
be  said,  has  not  been  able  to  find  any,  or  at  most  mere  traces 
of  urea  in  the  liver  of  a  recently  killed  dog ;  and  he  also  failed 
to  find  leucin  and  tyrosin. 

Chemical  Composition. — The  fresh  hepatic  substance  is  alka- 
line, but  soon  after  death  it  becomes  acid,  owing  probably  to  the 
development  of  lactic  acid ;  it  contains  60  to  70  per  cent,  of 
water,  and  40  to  30  per  cent,  of  solids,  consisting,  besides 
certain  insoluble  tissues,  of  albumins  (of  which  three  are 
described),  fat,  and  salts  of  the  volatile  fatty  acids,  also  of 
nuclein  (in  the  liver  cells),  sarkin,  xanthin,  hypoxanthin,  and 
uric  acid  ;  but  urea,  uric  acid,  and  leucin  are  possibly  only 
pathological  constituents.  There  are,  in  addition,  traces  of  salts 
of  manganese,  copper,  and  lead.  A  saccharine  and  a  butyric  acid 
ferment  are  likewise  met  with  (Pribram), 

The  relative  proportions  of  the  constituents  vary  somewhat  with 
age:— 

Liver  of  a  child 

(14  days  old)  Liver  of  an  old  woman 
Water       .         .         .         .74  14  80-63 

Organic  bodies         .         .     2478  18-65 

Inorganic  constituents     .       107  0-71 

The  constituents  of  a  human  liver  are  thus  given  by  Bibea  : — 


Water  .  .  .  .7617 
Insoluble  tissues  .  .  944 
Albumin        .         .         .       2-40 


Gelatin  ....       3  37 
Extractives    .         .         .       6  07 
Fats       .         .         ,         .       2o0 
A  A 
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Of  inorganic  constituents  Oidtmann  found  I'lO  per  cent. 


The  Ash  in 

100  Tarts. 

Potash  . 

.     25-17 

Phosphoric  acid 

.     43-37 

Soda 

.     H-47 

Sulphuric        „ 

.       091 

Lime     . 

.       302 

Silicic             „ 

.       0-27 

Mcignesia 

.       019 

Chlorine 

.       2-5 

Oxide  of  iron 

.       2-75 

Lead  and  copper 

.     traces 

The  proportion  ofy^^  depends  more  or  less  on  the  food,  as  its  pro- 
portion is  increased  with  a  diet  rich  ia  fat.  In  the  normal  condition 
the  fat  present  seems  to  be  proportional  to  the  fat  in  the  rest  of  the 
organism. 

The  quantity  of  glycogen  is  very  variable,  depending  greatly 
on  the  character  of  the  food  ;  normally  it  averages  1*5  to  2*5  per 
cent.  In  dogs  fed  exclusively  on  meat  the  liver  may  contain  about 
7  per  cent.,  with  a  purely  vegetable  diet  as  much  as  17 "2  per  cent , 
and  with  a  mixed  diet  about  14'5  per  cent.,  the  glycogen  disappearing 
when  the  animal  is  starved.  According  to  Seegen  and  Kratschmer 
the  sugar  in  the  liver  increases  after  death  to  an  extent  not  to  be  ac- 
counted for  by  the  transformation  of  the  glycogen  present.  In  the 
case  of  a  young  fox  they  found  in  the  liver  two  minutes  after  death 
glycogen  0'7  per  cent,  and  sugar  0*79  per  cent. ;  an  hour  later, 
sugar  1*83  per  cent.;  24  hours  later,  sugar  1"98  per  cent.  More  sugar 
was  therefore  formed  than  the  glycogen  in  the  liver  could  possibly 
account  for.  But  Boehm  and  Hoffmann  object  to  this  conclusion,  on 
the  ground  that  something  other  than  sugar  was  reckoaed  as  such. 

The  hepatic  cells  are  devoid  of  cell  walls  and  possess  one  or 
two  nuclei.  As  constituents  of  the  dead  cells  we  find  an 
albumin  coagulating  at  45° ;  nucleo-albumin  (Plosz),  soluble 
in  water  and  in  solutions  of  sodic  chloride  and  sulphate,  and 
coagulating  at  70° ;  an  albumin  resembling  myosin,  coagulating 
at  75°  ;  free  nuclein  and  a  body  resembling  coagulated  albumin  ; 
glycogen,  grape  sugar,  and  a  diastatic  ferment ;  fats,  particularly 
olein,  about  2*5  per  cent.  ;  pigments,  potassic  and  sodic  phos- 
phates, and  water. 

To  'prepare  glycogen  and  liver  ferment,  and  to  demonstrate 
sugar  in  the  liver,  see  pp.  50,  162,  54.  For  bile,  &c.,  also  see 
p.  196. 
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Pathology. 


BiBRA 

FOLWARCZNY 

Prerichs 

OlDTMANN 

In  em- 

Fatty 

Typhoid 

In 

bolism 
of  the 

Fatty 

Cirrhotic 

Syphilitic 
liver  in  a 

tubercle 

liver 

diabetes 

hepatic 
artery 

liver 

liver 

new-born 
child 

Water      . 

71-0 

7o-L 

75-3 

80-7 

730 

80-2 

82-5 

Soluble  albuminoids 

1-3 

2-6 

6-7 

2-1 

3-6 

3-5 

1 

Gelatin     . 
Extractives 

4-4 

2  6 

4-0 
4  5 

11 

2-2 

11 
3-6 

}    1-9 

[11-6 

;-  16-5 

Fats 

17-4 

33 

1-9 

2-4 

17-2 

2-2 

1 

Insoluble  tissues 
salts 

31 

|.  10-2 

11-7 

8-9 
0-5 

40 

36 

[     91 

Soluble 

— 

— 

0  9 

0-4 

Fats. — While  the  normal  liver  contains  only  about  2  to  35  per 
cent,  of  fats  (that  of  the  cat  normally  about  7  per  cent.),  and  19-5  to 
20  7  per  cent,  other  solids,  in  acute  atrophy  of  the  liver  the  fats  may 
rise  to  7*6  per  cent.,  and  the  other  solids  sink  to  15  5  per  cent,,  and 
in  fatty  liver  the  fat  may  be  as  high  as  19  5  per  cent.,  and  the  re- 
maining solids  18' 4  per  cent.  This  increase  may  occur  in  diseases  of 
the  respiratory  organs,  as  phthisis,  &c.,  and  as  a  result  of  chronic 
alcoholism,  degeneration,  &c. 

The  glycogen  is  greatly  diminished  in  fevers,  and  in  arsenical  and 
phosphorus  poisoning ;  it  may  be  absent  from  fatty  liver,  and  it  is 
increased  in  diabetes. 

Pigmeiiis  apparently  identical  with  hasmatin  accumulate  in  the 
liver  in  malarial  affections,  and  in  yellow  atrophy  we  may  find 
cr•y^tals  of  bilirubin. 

Urea  is  increased,  together  occasionally  with  leucin,.  tyrosin^ 
cystin,  &c.,  in  acute  yellow  atrophy  and  carcinoma  of  the  liver,  in 
many  zymotic  diseases,  acute  rheumatism,  pyaemia,  malarious  ca- 
chexias, syphilis,  tuberculosis,  some  diseases  of  the  spinal  cord  and 
heart,  chronic  pleurisy,  and  in  many  cases  of  anaemia  and  jaundice. 
Leucin,  it  may  be  remarked,  increases  in  the  liver  after  death,  and 
especially  during  putrefaction. 

Concretions  are  met  with  now  and  again  in  the  substance  of  the 
liver.  They  generally  consist  of  organic  matter  35  to  40  per  cent., 
with  calcic  phosphate  and  carbonate  about  32  per  cent. 
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CHAPTER  XXV. 

THE  PANCREAS. 

The  fresh  human  pancreas  is  alkaline  in  reaction  and  con- 
tains 17-4  to  25*5  per  cent,  solids  and  74-5  to  82-6  per  cent, 
water.  Of  the  solids  there  are  serum  albumin,  an  alkali  albu- 
minate like  casein,  fats  and  volatile  fatty  acids,  extractives,  and 
salts.  Among  the  extractives  present  are  guanin  (0'12  per 
cent.),  xanthin  (0*0016  per  cent.),  leucin  (1*7  per  cent.), 
inosit,  butalanin,  lactic  acid,  and  traces  of  uric  acid  and  tyrosin. 
No  mucin  is  contained  in  it. 

Yor  pancreatic  juice  see  p.  188. 

Pathology. — The  pancreas  may  be  the  seat  of  tumours  (cancer, 
adenoma,  &c.)  or  of  infiltrations  and  degenerations.  Very  often,  in 
such  cases,  the  properties  of  its  secretion  are  altered,  and  accordingly 
some  of  the  intestinal  contents  may  escape  digestion,  and  this  has 
been  noticed  chiefly  in  the  case  of  the  fats. 


CHAPTER   XXVI. 

SPLEEN. 

This  organ  is  provided  with  an  elastic  capsule  containing 
muscle-fibre  cells,  which  is  prolonged  inwards  on  the  blood 
vessels  at  the  hilus  of  the  organ.  Enclosed  by  this  capsule  is 
the  splenic  pulp,  that  is  supported  by  a  coarse  trabecular  frame- 
work as  well  as  by  a  delicate  meshwork  forming  a  honeycomb  of 
membranes  in  connection  with  the  vessels  (Klein).  The  red 
pulp  itself  is  made  up  of  cells  of  different  kinds  and  of  blood 
corpuscles,  particularly  the  pale  ones,  in  difiterent  stages  of 
change.  Here  and  there  are  to  be  seen  little  spots  of  white 
pulp,  the  Malpighian  corpuscles,  which  consist  of  small  clumps 
of  lymphoid  infiltration  in  the  sheath  of  the  small  arteries. 

Functions. — It  is  possible  that  besides  destroying  old  blood 
corpuscles  it  assists  in  forming  new  ones,  the  pale  corpuscles 
especially ;  and  it  is  said  to  prepare  the  proteolytic  pancreatic 
ferment  (Schiff),  though  this  is   denied  (Mosler).     It   acts 
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also   as  a  regulator  of  the  blood  contents   of  the   liver   and 
stomach. 

Chemical  Composition. — In  the  fresh  state  the  spleen  is  alka- 
line, but  it  becomes  acid  some  time  after  death.  The  compo- 
sition of  the  pulp  may  be  thus  stated  {after  Oidtmann,  &c.)  : — 


Human  SjAcen. 


Water    .... 
Organic  matter 
Inorganic  constituents . 

„  „  in  the 

Soda  .... 

Potash 

Lime .... 

Phosphoric  acid 

Oxide  of  iron 

Chlorine    . 

Sulphuric  acid:  . 

Silica 

Manganese,  copper,  and  lead 


100  parts 


Per  cent. 
70    to    77 
2.3     .,     30 

0-5 


35     , 

7    • 

7 

0-5 
1-5 
0-2 


0-9 

45 

17 

30 

16 
1-3 
2-5 
0-7 


traces 


There  is  some  difference  of  opinion  as  to  the  occurrence  of  free 
iron  in  the  spleen,  but  that  iron  is  present  in  lai'ge  excess,  associated 
in  some  way  with  an  alkali  albumin,  there  seems  to  be  no  doubt ;  it 
appears  also  to  increase  with  age,  and  of  combined  iron  Nasse  has 
found  5  per  cent  in  the  dried  pulp  of  the  spleen  of  old  horses. 

The  organic  constituents  include  albumins,  much  inosit,  choles- 
terin,  cerebrin,  xanthin,  hypoxanthin,  traces  of  leucin,  uric,  succinic, 
and  lactic  acids,  fats,  and  iron- holding  pigments.  Ty rosin  is  a  post- 
mortem constituent,  and  the  volatile  fatty  acids,  such  as  formic,  acetic, 
and  butyric,  are  decomposition  products,  probably  of  the  haemoglobin 
products  of  the  red  pulp. 

In  its  composition  the  splenic  pulp  differs  from  blood  in  the  large 
amount  of  its  soda  and  phosphates,  and  in  the  smaller  proportion  of 
its  potash  and  chlorides,  and  it  is  characterised  by  its  richness  in 
extractives  and  pigments.  Uric  acid  is  always  present,  and  seems  to 
be  connected  in  some  way  with  splenic  activity,  particularly  under 
abnormal  conditions,  as  seen  in  ague,  &c.,  when  an  increase  in  the 
uric  acid  in  the  urine  accompanies  an  enlargement  of  the  spleen. 

Pathology.— In  diabetes  no  glycogen  is  present,  but  a  little  sugar 
is  to  be  met  with ;  xanthin  has  been  found  in  hypertrophy.  In 
leukaemia  the  spleen  is  rich  in  sarkin,  uric  acid,  and  bodies  allied 
to  gelatin.  Robin,  Charcot,  and  Neumann  have  found  peculiar 
crystals  in  the  spleen  in  leukaemia.     These  crystals  have  been  re- 
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garded   as  of    the   nature    of    tyrosin,    but   this   has   been    denied. 

ScHREiNER  describes  them  as  consisting 
of  a  phosphate  of  a  base  having  the 
composition  OoH^N  ;  and  he  states  that 
he  has  found  a  similar  body  in  the  human 
semen  to  the  extent  of  5*23  per  cent. 
These  crystals  are  met  with  also  in  the 
sputum  of  bronchitis,  and  in  the  blood 
Fig.  26.— Charcot-Neumanx  and  marrow  in  leukapmia.  They  are  of  a 
double  pyramidal  shape,  and  are  insoluble 

in  alcohol,  ether,  chloroform,  and  cold  water,  but  soluble  in  alkalies 

and  dilute  mineral  acids,  acetic  acid,  kc. 

Amyloid  degeneration  is  frequent  in  the  organ. 


CHAPTER   XXVII. 

SUPRARENAL  CAPSULES,  THYMUS,  THYROID,  LYMPHATIC 
GLANDS,  AND  KIDNEYS. 

I.  SUPRARENAL  CAPSULE.— The  medulla  of  this  body 
lias  been  considered  nervous  in  its  nature  on  account  of 
its  richness  in  nerve  elements,  while  the  cortex  is  glandular, 
somewhat  of  the  character  of  lymphoid  tissue.  In  the  medulla 
together  with  albuminous  bodies  there  is  found  a  material  that 
is  soluble  in  water,  and,  particularly  when  exposed  to  the  direct 
sunlight,  furnishes  a  beautiful  red  pigment.  The  colourless 
extract  is  reddened  by  the  action  of  watery  solutions  of  chlorine , 
bromine,  or  iodine,  and  is  stained  of  a  dark  blue  to  a  green  by 
perchloride  of  iron.  Alcohol  extracts  this  chromogen,  and  the 
solution  gives  a  reddish  precipitate  with  acetate  of  lead,  which 
turns  green  on  exposure  to  the  air.  A  very  dilute  hydro- 
chloric acid  extract  of  the  gland  is  coloured  red  on  the  addi- 
tion of  excess  of  ammonia,  violet  flocculi  being  precipitated. 
Leucin,  inosit,  hypoxanthin,  hippuric  acid,  benzoic  acid,  myelin, 
fats,  and  possibly  taurin  and  taurocholic  acid  are  all  said  to  be 
present. 

Among  the  inorganic  constituents  we  find  potassic  chloride 
in  large  amount,  also  phosphates  of  potassium,  sodium,  calcium, 
and  magnesium.  This  excess  of  potash  and  phosphoric  acid 
speaks  in  favour  of  the  nervous  nature  of  the  organ. 
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The  juice  of  tlie  gland  is  neutral  or  weakly  acid.  The 
proportions  are  thus  given  by  Oidtmann  in  the  suprarenal  of 
the  dog : — 

Water        .        .         .     8003 

Organic  matter .         .     1988 

Inorganic    „      .        .       0-09 

In  Addison's  disease  it  has  been  found  degenerated. 

II.  THYMUS. — This  gland  atrophies  towards  puberty,  after 
having  undergone  fatty  degeneration.  It  consists  in  great  part 
of  a  sort  of  lymphoid  tissue  supported  by  fibrillated  connective 
tissue. 

Chemical  Composition. — 

In  a  Calf  of  ^  Months  (Simon). 

Water  .  .  .  .77 
Albuminoid  material  .  4 
Salts  ....  2 
Fats        ....  traces 

Tn  a  Pupinj  (Oidtmann). 

Water.  .  .  .  80-7 
Organic  matter  .  .  1 9'2 
Inorganic    „         .         .       0*2 

The  chief  solids  are  the  following  :  soluble  albumin,  gelatin,  fat, 
and  elasticin ;  leucin,  xanthin,  hypoxanthin,  succinic,  lactic,  and 
traces  of  other  fatty  acids  ;  salts  rich  in  phosphoric  acid,  potash,  and 
soda ;  but,  except  in  the  very  early  period  of  the  gland,  potassium 
replaces  sodium,  being  about  three  times  more  abundant ;  traces  of 
salts  of  lime,  magnesia,  and  ammonia,  and  of  sulphuric  acid  and 
chlorine  are  likewise  met  with. 

In  the  thymus  of  a  calf,  three  weeks  old,  there  was  found  only 
1*3  per  cent,  fat,  while  in  that  of  a  young  heifer  of  18  months  as 
much  as  16  8  per  cent,  was  present. 

III.  THYROID. —  This  organ  is  made  up  of  connective 
tissue,  scattered  through  which  are  a  great  number  of  different- 
sized  cavities,  more  or  less  globular  in  shape  ;  these  are  filled 
with  a  transparent  fluid  that  is  analogous  to  mucus ;  there  is 
present  in  this  fluid  a  little  albumin  and  traces  of  sodic  chloride 
and  oxalate  of  lime,  &c.  The  juice  of  the  gland  also  contains 
leucin,  xanthin,  hypoxanthin,  volatile  fatty  acids,  succinic  and 
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lactic  acids,  and  cholesterin.  In  the  small  cysts  little  or  no 
albumin  is  present,  but  in  the  larger  cysts  as  much  as  7  to  8 
per  cent,  may  be  found.  This  fl.uid  material  of  the  cysts  is 
very  liable  to  undergo  colloid  degeneration,  and  in  goitre  it  is 
produced  in  great  excess,  cholesterin  crystals  also  being  fre- 
quently abundant  and  occasionally  crystals  of  bilirubin. 

An  alcoholic  solution  of  chinolin  blue  stains  this  colloidal 
material  of  an  intense  blue. 

OiDTMANN  gives  the  subjoined  as  the  general  percentage  compo- 
sition of  the  gland  : — 

In  a  cbild  In  au  aged  female 

Water 77-2  822 

Organic  matter   .         .         .     223  176 

Mineral  salts       .        .        .0-5  09 

IV.  LYMPHATIC  GLANDS  contain  about  one-third  their 
weight  of  solids,  among  which  have  been  found  nuclein,  leci- 
thin, albumin,  cholesterin,  leucin  (but  no  tyrosin),  xanthin,  &c. 

V.  KIDNEYS. — The  capsule  is  white  fibrous  tissue,  and  a 
certain  amount  of  connective  tissue  is  also  found  supporting 
the  tubes. 

The  renal  tissue  has  a  mean  density  of  1050 ;  its  reaction 
is  alkaline,  but  it  speedily  becomes  acid  when  exposed  to  the 
air. 

Child's  kidney  Kidney  of  an  old 

(aet.  14  days)  woman 

Water        .        .        .     77-82  81-09 

Organic  substances  .     21-47  17-92 

Inorganic        „         .0-71  010  (Oidtmann). 

A  cold  watery  extract  of  the  kidneys  contains  albumin, 
xanthiu,  hypoxanthin,  kreatin,  taurin,  leucin,  inosit,  cystin, 
glycogen,  and  occasionally  also  urea,  uric  acid,  and  urates.  If 
a  solution  of  subacetate  of  lead  is  added  to  it,  the  resulting 
precipitate  suspended  in  water,  decomposed  there  with  sul- 
phuretted hydrogen,  and  alcohol  added  to  the  filtrate,  which  is 
then  gently  warmed,  a  crystalline  precipitate  of  inosit,  cystin, 
taurin,  xanthin,  and  sarhin  is  obtained.  By  warming  this 
deposit  with  carbonate  of  soda  solution  we  obtain  on  filtration  a 
solution  of  cystin  and  inosit,  from  which  the  cystin  can  be  pre- 
cipitated by  the  addition  of  acid. 
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Kidneys  thoroughly  washed  out  with  sodic  chloride  solution 
(f  per  cent.),  to  get  rid  of  the  blood,  gave  in  the  100  parts  the  follow- 
ing organic  constituents  (Gottwalt)  : — 

Servim  albumin .a  mean  of  1-25 

Globulin  substances „  3-818 

Albumin  extracted  by  common  salt  solution  (10  per 

cent.) „  5-23 

Albumin  soluble  in  and  extracted  by  sodic  carbonate  „  1"52 

Gelatin         .' „  1016 

Mucin traces 

BuNGE  and  Schmiedeberg  are  of  opinion  that  hippnric  acid  has 
its  seat  of  formation  in  the  kidneys,  the  glycocin  and  Vjenzoic  acid 
residues  being  combined  under  their  agency,  the  presence  of  blood 
corpuscles,  however,  appearing  to  be  essential. 

Pathology. — In  consequence  of  inflammations  of  different  kinds, 
and  as  the  result  of  the  altered  blood  in  phosphorus  poisoning,  ex- 
cessive alcoholic  ingestion,  septicaemia,  and  severe  eruptive  fevers,  the 
renal  epithelium  may  become  charged  with  granulations  of  the  nature 
of  casein ;  while  a  long  continuance  of  one  of  the  above  conditions 
may  further  lead  to  the  appearance  of  fatty  granules,  which  possibly 
replace  and  are  derived  from  the  albumin  granules,  and  thus  lead  to 
a  subsequentya^^?/  degeneration. 

In  some  cases  purulent  abscesses  may  appear  among  the  tubes,  or 
excess  of  leucocytes. 

In  gouty  conditions  deposits  of  urate  of  soda  frequently  present 
themselves,  and  different  morbid  growths  at  times  attack  the  renal 
substance. 

In  various  abnormal  conditions  bodies  may  be  present  that  are 
only  rarely  to  be  met  with  normally,  and  then  in  but  slight  amount  : 
thus  leucin  and  tyrosin  have  been  found  in  cholera;  uric  acid  in 
tuberculosis,  delirium  tremens,  and  Bright's  disease ;  and  grape  sugar 
in  diabetes  mellitus. 

A  calcareous  degeneration  of  the  cortex  of  the  kidneys  has  been 
noted  in  acute  mercurial  poisoning  (Salkowski),  and  it  would  appear 
that  this  calcification  of  the  renal  tubules  accompanies  a  removal  of 
lime  salts  from  the  bones. 
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CHAPTER   XXVIII. 

THE  LUNGS. 

Owing  to  the  large  amount  of  elastic  tissue,  smooth  muscle, 
connective  tissue,  cartilage,  and  epithelium  present  in  the  lung, 
the  chemical  constituents  of  these  tissues  will  figure  largely  in 
the  chemical  composition  of  the  lung,  and  accordingly  we  have 
much  elasticin,  mucin,  myosin,  chondrin,  and  gelatin  ;  there 
is  also  casein,  lecithin,  leucin,  inosit,  and  in  the  lungs  of  oxen 
taurin :  further  we  have  uric  acid ;  inorganic  salts,  chiefly 
chlorides,  sulphates,  and  phosphates  of  sodium,  potassium, 
calcium,  magnesium,  and  iron ;  and  silica. 

Lung  substance  contains  more  coagulable  proteids  than 
muscle,  and  less  albuminoid  extractives.  The  embryonic  lung 
is  rich  in  glycogen ;  in  the  embryo  of  the  sheep  it  has  been 
found  as  high  as  50  per  cent,  of  the  dry  solids ;  but  it  is 
wanting  in  the  lungs  of  adults. 

In  the  fresh  state  the  reaction  of  the  lung  tissue  is  alkaline. 
Of  ash  in  the  dry  solids  there  is  found  2  to  7  per  cent., 
chiefly  alkaline  phosphates,  sodium  chloride,  and  iron.  The 
richness  of  the  ash  in  phosphoric  acid  is  due  probably  to  the 
lecithin  present. 

Lung  of  Infant  (Oidtmann). 

Water  ....     79-6  per  cent. 

Organic  matter  .        .         .19-8        „ 
Mineral       „        .         .         .       06 

Yerdeil  has  described  a  special  acid,  pneumonic,  which  he  has 
isolated  (taurin?).  A  black  pigment  consisting  chiefly  of  carbon 
(85  per  cent.),  with  a  little  nitrogen,  hydrogen,  and  ash,  is  present 
in  the  lung  substance. 

Pathology. — The  lung  raay  contain  tubercle,  which  will  present 
different  appearances  according  to  its  condition. 

Caseous  Tuhercle  (SiaroN). 

Per  cent. 

Water 826 

Insoluble  organic  matter  .  .  .  .  1 2-0 
Substances  soluble  in  alcohol.  .  .  .2*1 
Fatty  bodies,  cholesterin,  cerebrin,  &c. .        .       186 

Watery  extract 084 

Mineral  salts 049 
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Calcareous  Concretions  are  often  present  in  these  tuberciilar 
deposits  ;  they  vary  in  composition. 

Insoluble  salts  .         .         .70-1  per  cent. 

Soluble         „      .         .         .     29-5         „         (Boudet). 

The  soluble  salts  consist  chiefly  of  sodium  chloride  mixed  with 
phosphate  and  sulphate  of  soda ;  the  insoluble  salts,  chiefly  of  phos- 
phate of  lime  with  a  little  carbonate,  silica,  and  oxide  of  iron.  They 
sometimes  al^o  contain  cholesterin  and  a  little  proteid  substance. 

Concretions  are  also  occasionally  found  in  the  lung  tissue,  as  well 
as  in  the  nose,  tonsils,  and  tracheae,  &c. ;  they  consist  of  mucin,  fat, 
phosphate  and  carbonate  of  lime,  and  magnesia.  They  may  contain 
86  9  per  cent,  of  inorganic  salts,  chiefly  phosphate  and  carbonate  of 
lime  with  traces  of  iron  (Biermer)  ;  or  consist  of  70*1  per  cent,  of 
soluble  salts  (sodic  chloride,  phosphate,  and  sulphate)  and  29-5  per 
cent,  of  insoluble  salt?  (calcic  phosphate  and  carbonate,  silica,  <fec.), 
as  given  above  by  Boudet. 

A  Lmig  Calculus  (Sgarzy). 

Fatty  matters  and  cholesterin  .         .15-6 

Calcic  phosphate  and  carbonate       .         .       3*9 
Mucin  and  albumin  .         .         .         .       7'2 

Magnesic  carbonate  ....      0*9 

Silica 0-8 

Water 1-2 

In  pneumonia  the  lung  becomes  hepatised,  which  is  owing  to  the 
solidification  of  the  blood  derivatives  poured  out  into  the  air  cells. 
In  this  condition  glycogen  has  been  found  in  considerable  quantity. 

Melanic  as  well  as  other  tumours  occasionally  show  themselves  in 
the  lung  tissue ;  and  well-marked  pigmentation  of  the  lung  may  be 
produced  by  an  accumulation  of  oxide  of  iron  particles,  as  in  sider- 
osis ;  or  of  fine  carbon  particles,  as  in  anthracosis. 

In  ansemia  leucin  and  tyrosin  are  often  present;  in  Bright's 
disease,  urea,  uric  and  oxalic  acids,  inosit,  and  occasionally  ammoniacal 
salts  ;  in  diabetes,  glycogen  and  glucose ;  and  occasionally  the  same  in 
purulent  pneumonia  ;  in  tubercle,  cholesterin  ;  and  in  calcareous  de- 
generation, much  lime  salts. 

Sputa  consist  of  the  secretions  of  the  mucous  lining  of  the 
respiratory  tract,  occasionally  mixed  with  saliva  or  nasal  mucus. 
Normally  there  is  very  little  secreted,  while  in  different  diseased 
conditions  the  quantity  is  generally  considerable,  but  it  is  very 
changeable.  As  examples  the  sputa  of  a  few  pulmonary  diseases  will 
be  given  here. 


,3G4      TISSUi:S,    ORGANS,  AND  REMAINING   SECRETIONS. 


Diseases 

•puta 

in 
j^rams 
in  the 

24 
hours 

135 

74 

124 

Water 

Solids 

Organic 

constitu-!  Mucin 
ents 

Albu- 
min 

Fat 

Extrac- 
tives 

Ash 

Bronclrtis      . 
Pnev^monia    . 
Plithisis 

976-98? 

90-09-9:J-( 

94-5 

1  •7-2-3 

6-3-9-01 
5-5 

1-1 7-1 -7      0-fi9-l-2 

5-5-8-36    1-1-1-28 

4'7      !  1-8-2-4 

—       1       —       1      0-48      0-53-0-fi'l 

3-09     0-02-0-32    2-8-3-95  0'C6--.'7: 

0-29-0-49  O-36-0^39    1-6-2-01  0-76-08 

In  pneumonia  the  quantity  may  vary  from  26  to  122  grams  in  the 
24  hours ;  of  the  rusty  sputa,  from  30  to  300  grams ;  and  in  the 
stage  of  resolution,  from  250  to  300  grams.  In  plithisis  it  may  range 
between  80  and  150  grams,  but  the  daily  quantity  is  variable,  much 
more  so  than  is  the  case  in  bronchitis. 

The  sputa  in  different  pulmonary  affections  vary  greatly  in  colour, 
odour,  viscidity,  thickness,  &c.  In  consequence  of  chronic  inflamma- 
tion of  the  bronchi,  especially  when  the  air  breathed  is  rich  in 
particles  of  carbon,  as  with  miners,  &c.,  the  expectoration  may  be 
quite  black ;  red,  from  the  presence  of  blood  or  blood  pigment ;  or 
green,  from  biliary  pigment.  A  putrid  odour  is  given  off  by  the 
sputum  in  cases  of  gangi'ene  of  the  lung  and  bronchiectasis.  As  to 
salts,  a  large  proportion  of  alkaline  chlorides  and  phosphates,  wdth  a 
small  proportion  of  sulphates,  is  usually  present. 

In  an  acute  catarrh  the  mucus  had  this  composition  : — 

Water        .         .         .         ....  97-9 

Solids 2-1 

Organic 1-36 

Mineral 0-63 

But  if  the  irritation  is  long- continued  or  excessive  pus  also  may 
make  its  appearance.  In  old -standing  bronchitis  there  are  compara- 
tively few  cell  elements  in  the  expectoration,  and,  as  w^e  have  seen  in 
the  table,  little  or  no  albumin  or  fat ;  but  in  acute  bronchitis,  acute 
congestion,  and  occasionally  in  hydro-pneumothorax,  the  albumin  is 
much  increased.  In  pneumonic  sputa  the  amount  of  ftit  is  small,  but 
that  of  the  extractives  abundant,  and  the  same  holds  good  in  phthisis. 
In  tubercular  phthisis  the  sputum  may  contain  tubercle  corpuscles 
and  debris  of  different  kinds ;  blood  may  also  appear  in  such  cases  as 
well  as  in  pneumonia,  and  it  may  be  so  abundant  as  to  be  readily 
recognised,  or  it  may  be  so  slight  as  to  be  masked.  In  case  of  doubt 
examine  for  blood  by  the  hsemin  and  spectroscopic  tests. 

Pneumonic  sputum  in  the  early  stage  of  the  disease  is  brown  or 
yellowish  red,  viscid,  and  somewhat  translucent,  consisting  of  a 
mixture  of  mucus,  reddish  serum  with  blood  corpuscles,  epithelial 
cells,  and  threads  of  fibrin,  together  with  coagulable  albumin.    When 
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the  lung  is  hepatised  the  colour  of  the  sputum  is  less  marked,  but  it 
becomes  more  viscid,  and  it  may  be  greyish  or  purulent,  and  contain 
an  excess  of  sodic  chloride.  The  amount  of  this  last  salt  is  very 
considerable.  In  a  case  of  pneumonia  of  the  sixth  day  its  proportion 
to  the  litre  of  sputum  was  equal  to  4-5  grams,  only  0'5  gram 
appearing  in  the  urine  of  the  24  hours  in  the  same  time,  while  on  the 
13th  day  of  the  same  case  the  proportion  was  equal  to  8  20  grams 
per  litre,  and  in  the  day's  urine  to  2 '52  grams. 

According  to  Nasse,  1  litre  of  laryngo-bronchitic  mucus  contains 
5*8  grams  of  alkaline  chlorides. 

In  grey  hepatisation  the  sputum  becomes  brown,  less  viscid,  and 
presents  greyish  streaks ;  it  is  rich  in  albumin,  and  contains  also 
mucus  and  pus  corpuscles,  fatty  granules,  and  epithelial  cells. 

It  should  be  remembered  that  the  colouring  matters  of  prunes, 
rhubarb,  &c.,  may  communicate  a  reddish  tint  to  the  sputum. 
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CHAPTER  XXIX. 

RESPIRATION. 

Respiration  is  essentially  a  chemical  phenomenon  in  which 
oxygen  is  absorbed,  and  carbonic  acid  and  water  exhaled  at  the 
lungs,  the  two  latter  compounds  resulting  from  oxidations  that 
have  occurred  in  the  tissues. 

Changes  effected  upon  the  Air  by  Respiration. — The  air  in  its 
passage  through  the  lungs  undergoes  several  changes. 

1.  The  inspired  air  loses  4-7  per  cent,  oxygen,  and  the 
expired  air  gains  4*3  per  cent,  carbonic  acid  gas  (Vierordt). 

2.  The  expired  air  is  saturated  with  aqueous  vapour. 

3.  The  temperature  of  the  inspired  air,  if  somewhat  lower 
than  that  of  the  body,  is  raised  to  33°  to  36°,  the  exact  tem- 
perature, however,  depending  on  that  of  the  air,  and  on  the 
depth  and  rate  of  the  respirations ;  but  if  the  temperature  of 

the   inspired  air  is  very  low,  then  it  will  not  be   so  high i.e. 

temp,  of  inspired  air  6*3°,  temp,  of  expired  air  29-8°  (Valentin). 

4.  The  volume  of  the  expired  air  is  slightly  less  (from 
5-Vth  to  xio^h)  than  that  of  the  inspired  air,  while  the  volume 
of  carbonic  acid  gas  added  to  the  air  is  nearly  equivalent  to 
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that  of  the  oxygen  absorbed,  the  carbonic  acid  containing  its 
own  volume  of  oxygen ;  yet  a  little  of  the  oxygen  inspired  does 
not  thus  reappear  in  the  carbonic  acid  of  the  expired  air. 

5.  The  expired  air  is  also  said  to  contain  traces  of  ammonia, 
hydrogen,  carburetted  hydrogen,  and  other  hydrocarbons  ;  per- 
haps also  a  slight  trace  of  nitrogen  in  excess  of  that  inspired, 
and  very  slight  traces  of  organic  bodies  badly  known.  Some  of 
these  bodies  probably  arise  in  the  intestinal  organic  decom- 
positions (Pettenkofer)  As  to  amTnonia,  young  individuals 
produce  more  than  old,  and  small  proportionately  more  than 
large  animals.  For  every  100  lbs.  body  weight  an  adult  man 
expires  in  the  twenty-four  hours  about  3'9  grains,  and  a  young 
boy  about  6*2  grains  ammonia  (Grouven).  According  to 
LossEN,  however,  the  average  in  the  twenty-four  hours  for  an 
adult  is  0-014  gram  (0*22  grain). 

The  amount  of  free  nitrogen  in  the  system  depends  greatly 
on  the  atmospheric  pressure  :  if  this  is  lowered  nitrogen  leaves 
the  body;  so  also  if  the  temperature  is  raised.  In  a  state  of 
hunger  some  nitrogen  appears  to  be  absorbed,  while  with  well- 
nourished  beasts  a  little  seems  to  be  exhaled  from  the  organism. 
Pettenkofer  and  Voit,  however,  deny  that  free  nitrogen  is 
eliminated  from  the  body  to  the  extent  asserted  by  Seegen  and 

NOWAK. 

The  oxygen  of  the  inspired  air  traverses  by  diffusion  the 
line  membrane  separating  it  from  the  blood,  and  it  is  then  taken 
up  in  great  part  by  the  haemoglobin  of  the  corpuscles,  with 
which  it  forms  an  unstable  combination  ;  a  small  proportion  is 
also  dissolved  in  the  liquor  sanguinis. 

Of  the  carbonic  acid  exhaled  for  every  five  parts  only  one 
part  comes  from  the  corpuscles,  and  the  remaining  four  from 
the  plasma.  (1)  The  portion  in  the  corpuscles  is  probably  com- 
bined with  the  haemoglobin ;  (2)  that  in  the  plasma  is  partly 
in  a  state  of  simple  solution,  while  the  rest  (3)  is  feebly  com- 
bined with  the  sodic  carbonate  and  phosphate  of  the  serum 
(ZuNTz).  One  chemical  equivalent  of  common  phosphate  of 
soda  enters  into  a  loose  combination  with  the  same  quantity  of 
carbonic  acid  as  two  equivalents  of  carbonate  of  soda  (Fernet). 
This  loosely  combined  carbonic  acid  is  readily  evolved  by  re- 
duction of  pressure  or  the  passage  of  another  gas,  especially  in 
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presence  of  albuminous  bodies  (Sertoli)  or  in  that  of  the 
coloured  corpuscles  (Preyer).  The  oxyhccmoglobin  which  is 
formed  in  abundance  early  in  the  respiratory  act  would  thus 
appear  to  perform  the  part  of  an  acid  in  liberating  the  combined 
carbonic  acid.  Indeed,  according  to  Holmgren,  the  presence 
of  oxygen  in  the  lungs  greatly  increases  the  tension  of  the  car- 
bonic acid  in  the  blood. 

Other  circumstances  also  assist ;  thus  the  rapidity  of  the 
blood  current,  and  the  great  extent  and  moist  condition  of  the 
respiratory  surface,  no  doubt  facilitate  the  diffusion  and  exhala- 
tion of  the  carbonic  anhydride.  Possibly  also  the  diminished 
pressure  in  the  air  cells  may  assist  in  the  elimination  ;  and  that 
some  reduction  of  pressure  in  the  interior  of  the  lungs  is  possible 
we  know  to  be  the  case.  After  Donders  this  is  a  normal  occur- 
rence, in  some  animals  to  the  extent  of —3  mm.  and  in  man 

—  1   mm.  mercury,  and  in  a  forced  inspiration  to  as  much  as 

—  57  mm.  But  as  to  the  exact  rationale  of  the  expulsion  of 
the  carbonic  acid  gas,  our  present  knowledge  is  insufficient  to 
enable  us  to  say;  and  it  is  accordingly  possible  that  other 
agencies  are  at  work  than  we  are  yet  acquainted  with ;  indeed, 
none  of  the  hypotheses  that  have  been  given  hitherto  can  be 
regarded  as  perfectly  satisfactory. 

While  the  solubility  of  the  nitrogen  in  the  serum  is  regarded 
as  the  same  as  that  of  the  gas  in  an  aqueous  solution  of  the 
salts  of  that  fluid  (Fernet,  &c.),  some  consider  the  coefficient 
of  solubility  to  be  higher,  the  corpuscles  possibly  uniting  feebly 
with  a  small  quantity  of  the  nitrogen  (Setschenow).  As  to  the 
absorption  of  nitrogen  in  respiration  nothing  decisive  can  yet 
be  said,  but  if  it  does  occur  at  all  it  must  only  be  in  very  small 
amount. 

For  every  100  vols,  air  inspired  only  99*25  are  expired, 
if  calculated  as  dry  air  at  the  same  temperature  and  pressure. 
This,  as  we  have  seen,  is  due  to  part  of  the  oxygen  absorbed  not 
being  replaced  by  carbonic  acid  gas.  As  a  general  rule,  for 
every  TOO  parts  of  oxygen  which  disappear  in  the  lungs,  only 
86  reappear  in  the  carbonic  acid  gas,  and  nine  or  ten  or  more  in 
the  water  exhaled.  An  adult  man  absorbs  in  an  hour  28  to  36 
grams  oxygen,  and  he  exhales  in  the  same  time  31  to  41  grams 
carbonic  anhydride,  corresponding  to  22*5  to  30  grams  of  oxygen 
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and  8*5  to  1 1*2  grams  of  carbon.  The  b'6  to  6  grams  of  oxygen 
that  have  thus  been  retained  in  the  organism  are  used  up  there 
in  the  different  oxidations  of  the  economy.  One  of  these  pro- 
ducts is  water,  of  which  more  is  excreted  than  is  absorbed. 
The  extractives,  including  urea,  &c.,  also  carry  away  with  them 
part  of  this  retained  oxygen. 

Cluantity  of  Air,  Carbonic  Anhydride,  and  Water  Inspired  and 
Expired. — 1.  After  the  most  complete  expiration  1,200  to  1,600 
c.c.  (73  to  97  cubic  inches)  oi  residiial  air  rejndAn  in  the  lungs, 
or  according  to  GtREHANT  1,700  c.c.  (104  cubic  inches). 

2.  After  an  ordinary  expiration  there  remain  2,500  to 
3,400  c.c— that  is,  from^  1,300  to  1,700  c.c.  (79  to  104  cubic 
inches) — of  suppleTnental  air. 

3.  The  air  taken  in  and  expelled  in  each  ordinary  respira- 
tion— the  so-called  tidal  air — forms  ^th  to  -^^th.  of  the  vital 
capacity,  or  about  500  c.c.  (30  cubic  inches);  it  varies  with 
age  and  size,  &c.,  and  may  only  amount  to  330  c.c.  (20  cubic 
inches). 

4.  The  term  co7)iple')nental  is  applied  to  the  quantity  that 
can  be  inhaled  after  the  deepest  possible  inspiratory  effort 
beyond  that  introduced  by  an  ordinary  inspiration ;  it  averages 
100  cubic  inches. 

5.  The  vital  capacity,  as  it  was  termed  by  Hutchinson,  is 
the  amount  of  air  expelled  by  a  forced  expiration  after  a  forced 
inspiration.  It  varies  from  200  to  300  cubic  inches,  being  in- 
fluenced chiefly  by  the  height  and  weight,  8  additional  cubic 
inches  accompanying  every  inch  of  stature  from  5  to  6  feet ; 
corpulence  and  old  age,  on  the  other  hand,  causing  a  diminu- 
tion in  it  s  amount. 

The  number  of  inspirations  in  a  minute  average  from  16 
to  19. 

The  total  air  respired  in  the  twenty- four  hours  equals  about 
11  cubic  metres  (330-5  cubic  feet),  or  458  litres  per  hour  (13*7 
cubic  feet),  about  700  grams  (355  litres,  or  625  pints)  of  oxy- 
gen being  consumed  in  the  twenty-four  hours.  An  adult 
inspires  about  7  litres  (427  cubic  inches,  or  12-3  pints)  per 
minute,  and  expires  in  the  same  time  about  320  c.c.  (0*56  pint) 
carbonic  anhydride,  and  in  the  twenty-four  hours  about  800 
grams  carbonic  anhydride  (406  litres,  or  714^  pints). 
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Dumas  gives  the  carbon  exhaled  by  the  skin  and  lungs  in 
the  twenty-four  hours  as  8 J  oz.,  and  E.  Smith  as  7* J  4  to 
11-7  oz. 

The  water  exhaled  by  the  lungs  in  the  twenty-four  hours 
averages  between  350  and  500  grams  (f  to  *  pint)  ;  but  some 
authors  state  the  amount  as  averaging  somewhat  less  than  this, 
or  only  10  oz.  The  former  estimate  would  give  a  mean  of 
0*05  gram  in  each  litre  of  air  expired,  a  quantity  varying,  how- 
ever, with  the  state  of  the  organism  as  to  bodily  heat,  re- 
spiratory depth  and  rapidity,  and  of  the  atmosphere  as  to 
temperature,  pressure,  and  hygrometric  condition. 

The  accompanying  table  indicates  the  changes  effected  in 
the  air  by  the  respiratory  exchanges,  and  also  the  proportion  of 
the  gases  in  the  blood  : — 


In  100  volumes 


Atmospheric  air 
(Dbmas) 


Oxygen . 
Nitrogen 
Carbonic  an- 
hydride 


Per  cent. 
20-81 
7919 

0037  to  0062 


Expired  air 
(Brunneii  and 
Valentin)  (Speck) 


Per  cent. 
16033 
79-557 

4-380 


Per  cent. 
16-43  to  16-84 
79-48  „  79-55 


4-09 


3-61 


Blood  ga§es 
(Pfluger) 


Per  cent. 

38-08 

3-09 

58-83 


The  aqueous  vapour  in  the  expired  air  is  variable,  depending 
on  the  temperature  ;  it  averages  1*4  per  cent.,  but  the  air  con- 
tains only  about  three-fourths  as  much  as  it  can  hold  when 
saturated,  and  in  winter  the  proportion  present  is  greater  than 
in  summer,  although  it  is  capable  in  summer,  on  account  of  the 
higher  temperature,  of  holding  nearly  three  times  the  usual 
quantity  present. 

A  trace  of  ammonia  is  often  present  in  the  air,  and  occa- 
sionally traces  of  other  gases  in  the  air  of  large  towns. 

Circumstances  affecting  the  Respiratory  Exchanges,  particularly 
with  reference  to  the  Carbonic  Anhydride. 

1.  State  of  Rest  or  Activity. — The  greater  the  labour  effected  in  a 
given  time  the  greater  is  the  consumption  of  oxygen,  and  the  greater 
the  elimination  of  carbonic  anhydride ;  but  the  period  of  increased 
exhalation  of  carbonic  anhydride  dependent  on  muscular  w^ork  is 
generally  followed  by  a  period  of  diminished  exhalation   (Ranke). 

B  B 
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As  the  result  of  observations  made  on  dogs  in  a  state  of  repose  and  in 
a  state  of  tetanus,  the  amount  of  carbonic  acid  gas  expired  was 
noticed  to  be  increased  proportionally  to  the  degree  of  muscular  work, 
during  the  period  of  rest  an  accumulation  of  oxygen  also  occurring 
in  the  system  (Sczelkow  and  Ludwig).  Muscle  work,  therefore, 
occasions  a  propoitionally  rich  excretion  of  carbonic  anhj^dride  and 
absorption  of  oxygen  in  a  given  time,  the  venous  blood  coming  from 
the  active  muscle  being  richer  in  carbonic  acid  and  poorer  in  oxygen 
than  the  blood  flowing  away  from  a  muscle  at  rest.  The  frequency 
and  depth  of  the  respirations  accordingly  bear  a  relation  to  the 
amount  of  muscle  work,  this  increased  frequency  lasting  for  some  time 
after  the  work  has  ceased. 

Muscle  work  also  greatly  increases  the  water  exhaled,  sometimes 
more  than  doubling  it. 

2.  Food. — The  oxygen  absorbed  is  employed  for  the  oxidation  of 
albumin,  fat,  and  carbohydrates.  While  most  of  their  carbon  is 
burnt  up,  appearing  as  carbonic  acid,  part  is  otherwise  excreted  in 
urea  and  uric  acid,  &c.  The  sulphur  also  of  the  albumin  is  oxidised 
to  the  state  of  sulphuric  acid,  and  the  hydrogen  to  the  state  of  water. 
Fats,  we  know,  are  very  rich  in  hydrogen,  and  accordingly  much 
oxygen  is  used  up  in  their  oxidation;  carbohydrates,  on  the  other 
hand,  are  more  easily  oxidisable,  as  they  contain  in  themselves  suffi- 
cient oxygen  to  combine  with  the  hydrogen  present  to  form  water. 

Some  carbonic  acid  is  undoubtedly  formed  in  the  body  as  the 
result  of  fermentation  and  other  similar  processes.  Part  of  this,  ])y 
diffusion  from  the  intestine,  enters  the  blood  and  is  discharged  at  the 
lungs. 

The  quantity  of  air  respired  and  of  carbonic  anhydride  exhaled 
has  two  maximum  and  two  minimum  periods  in  the  24  hours,  cor- 
responding to  the  two  chief  meals  of  the  day,  breakfast  and  dinner. 
Less  of  the  gas  is  expired  during  fasting  than  after  food,  and  it  is 
largely  increased  by  an  albuminous  diet.  A  diminution  in  the  exha- 
lation is  said  to  occur  after  the  ingestion  of  alcohol,  tea,  &c. 

The  building  up  of  the  carbonic  acid,  it  must  be  remembered,  is 
not  a  respiratory  act,  or  at  least  only  so  to  a  slight  extent ;  it  really 
depends  upon  the  living  cells  of  the  organism,  which  regulate  the 
consumption  of  oxygen  and  the  breaking  down  of  tissue.  The 
carbonic  acid  thus  generated  is  conveyed  to  the  lungs  to  be  discharged. 
As  to  this  consumption  of  oxygen  in  the  economy,  PflDger  is  of 
opinion  that  each  living  cell  regulates  its  own  consumption,  and  is 
independent  of  the  pressure,  even  when  pure  oxygen  is  respired  the 
intensity  of  internal  combustion  remaining  the  same  as  with  air. 
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Respiratory  ExeJianges  in  Healthy  Men  under  Different  Conditions 
''     (Pettenkofer  and  Voit). 


Oxygen  absorbed, 
in  gi-ams 

Carbonic  acid  ex- 
pired, in  grams 

Water  expired 

Total 

Total 

Total 

Day 

Night 

hi  24 
iiours 

Day 

Night 

in  24 
hours 

Day 

Night 

in  24 

hours 

Without  food 

rrest      . 
1  work    . 

420 

323 

743 

379 

316 

695 

463 

351 

814 

922 

150 

1,072 

930 

257 

1,187 

1,425 

352 

1,777 

Mixed  diet 

f  rest      . 

469 

450 

919 

539 

404 

943 

534 

475 

1,009 

1  work    . 

795 

211 

1,006 

828 

306 

1,134 

1,035 

377  :1,412 

Albuminous 

f  rest 
*  work    . 

632 

218 

850 

580 

423 

1,003 

696 

414  ll,110 

diet 

566 

310 

876 

596 

442 

1,038 

644 

563  ,1,207 

Non-nitrogenc 

us  food — 

1 

rest    . 

• 

523 

285 

808 

508 

331 

839 

566 

359       925 

3.  Influence  of  Hiinxjer. — The  expired  air  is  only  half  saturated 
with  aqueous  vapour  (E.  Smith).  While  the  absolute  quantities  of 
oxygen  absorbed  and  carbonic  acid  exhaled  diminish,  their  proportion 
to  the  body  weight  fticreases  somewhat.  Starving  beasts  are  said  to 
absorb  nitrogen  from  the  air  (Regnault  and  Reiset). 

4.  Day  and  Night,  Light  and  Darkness,  and  Sleep  or  Wakeful- 
ness.— The  elimination  of  carbonic  acid  is  increased  in  the  light  and 
diminished  in  the  dark.  Animals,  it  is  known,  fatten  more  rapidly  if 
kept  in  darkness.  During  the  day  the  elimination  of  carbonic  acid  is 
greater  than  in  the  night,  but  during  the  night  less  oxygen  is  exhaled 
than  is  absorbed.  The  colour  of  the  light  is  said  to  produce  a 
difference,  but  the  results  of  observers  differ,  some  affii-ming  that  the 
most  active  evolution  of  carbonic  anhydride  occurs  with  a  yellow 
light  (Selmi)  ;  others,  with  violet  (Bechand)  ;  and  others  again,  with 
yellow  and  green  (Pott).  During  the  period  of  hybernation  that 
occurs  in  some  animals  only  a  small  amount  of  carbonic  anhydride  is 
exhaled.  It  is  said  also  that  during  the  same  time  these  animals 
absorb  and  retain  a  certain  amount  of  nitrogen,  but  a  far  greater 
amount  of  oxygen.  During  sleep  the  exhalation  of  carbonic  anhydride 
is  diminished  and  a  slight  amount  of  oxygen  is  absorbed  and  retained 
beyond  what  occurs  during  a  period  of  wakefulness.  Thus,  comparing 
the  respective  exhalation  of  carbonic  anhydride  and  absorption  of 
oxygen  during  rest  and  labour  for  the  day  and  night,  we  have — 


For  100  CO 

exhaled 

For  100  oxygen  absorbed 

Rest 

Day 
.      58 

N'-ght 
48 

Day           Nieht 
33             67 

Labour    , 

.      69 

31 

31             69 
(Pettenkofer  and  Voit) 
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5.  Sex,  Age,  d&c. — The  respiration  is  more  active  in  the  male  than  the 
female ;  and  between  20  and  30  is  the  period  of  greatest  activity,  but 
proportionally  to  the  weight  the  activity  is  greatest  in  youth  (Pott), 
relatively  more  oxygen  being  absorbed  and  carbonic  acid  gas  ex- 
creted. 

In  the  female  the  elimination  of  the  carbonic  acid  increases  up  to 
puberty,  remains  more  or  less  stationary  up  to  the  cessation  of  the 
menses,  and  then  declines.  Males  generally,  however,  exhale  more 
carbonic  anhydride  than  females. 

In  pregnancy  the  carbonic  anhydride  exhaled  is  increased,  but 
diminished  during  menstruation. 

6.  Size  and  Weight. — Starting  at  five  feet,  each  increase  in 
height  of  one  inch  augments  the  vital  capacity  of  the  lung  by 
about  nine  cubic  inches  (eight  inches,  Hutchinson),  and  the  same 
applies  to  an  increase  in  the  circumference  of  the  chest  (Arnold).  But 
itmuvst  be  remembered  that  in  the  same  class  of  animals  the  intensity 
of  the  respiratory  process  is  greater  in  its  smaller  members  (Bert). 

Thin  animals  absorb  in  general  in  the  same  time  more  oxygen 
than  fat  animals  of  the  same  species. 

7.  Mode  of  Respiration. — The  frequency  of  respiration  in- 
creases the  total  carbonic  anhydride  expired,  diminishing  it  relatively, 
however,  to  the  amount  of  air  inspired.  Thus  with  six  respirations 
in  the  minute  28*5  c.c.  CO2  are  exhaled  with  each  expiration,  and 
171  c.c.  in  the  minute;  while  with  12  respirations  a  minute  there 
are  20*5  c.c.  COg  in  each  expiration,  and  a  total  of  216  c.c.  in  the 
minute  (Yierordt). 

With  deep  and  slow  inspirations  also  more  of  the  gas  is  expired, 
and  a  1  per  cent,  increase  may  thus  easily  be  attained. 

8.  The  State  of  the  Circulation. — A  rapid  circulation  increases 
the  exhalation  of  carbonic  anhydride,  as  seen  in  cases  of  excitement 
and  fever. 

9.  Cerebral  Activity  or  Repose. — Not  only  is  the  temperature  of 
the  active  organ  raised,  but  the  carbonic  acid  gas  exhaled  is  increased 
bv  mental  w^ork. 

10.  Season  and  Temperature. — 


In  ino  parts 

Consumed 

Evolved 

1 
Food          Oxygen 

Water  by 
skin  and 

lUDgS 

Carbonic 
anhydride 

T0+.1I « 
Urine  and 
faeces 

xcreta 

Nasal 
secretion 

December     , 
July      . 

72-2     1      27-8 
75-4     I.     24-6 

100 

83-8 
36  1 

32-3           33-2 
28-8          34-7 

0  7 
0-4 

1( 

)0 

(Oakrall). 
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A  lowering  of  tlie  temperature  augments  the  exhalation  of  carbonic 
acid.  This  is  well  -seen  in  the  next  table  of  Vierordt's,  giving  the 
mean  of  a  series  of  observations  on  a  man  ;  the  numbers  relate  to  a 
period  of  a  minute  : — 


At  8-5° 

At  19-40 

72-93 

71-21 

12-16 

11-57 

6,672  c.c. 

6,106  C.C. 

2993  „ 

257-8  „ 

4-28  „ 

4-0  „ 

The  pulse        .... 
The  respirations 
Volume  of  air  expired    . 
CO2  expired    .... 
Percentage  o'f  COg  to  air  expired 

The  increase  in  the  exhalation  of  CO2  is  accompanied  by  an 
increase  in  the  absorption  of  oxygen,  and  the  increased  carbonic  acid 
is  due  to  the  intensified  oxidation  processes  necessary  to  maintain  the 
bodily  heat  (Theodor,  Voit). 

With  high  temperatures,  on  the  other  hand,  the  exhalation  of 
carbonic  acid  is  diminished  (Erler),  either  from  injury  to  the  blood 
corpuscles  or  from  interference  with  the  respiratory  movements.  But 
with  cold-blooded  animals  the  carbonic  acid  is  increased  up  to  a 
certain  point,  with  a  rise  of  temperature. 

11.  Alterations  of  Pressure. — Much  diminution  of  the  atmo- 
spheric pressure  enfeebles  the  respiration  as  well  as  the  general 
muscular  and  cardiac  activity ;  the  oxygen  absorbed  and  carbonic 
anhydride  exhaled  are  also  much  diminished,  and  at  the  same  time 
the  urea  excreted  is  lessened.  These  effects  of  diminished  pressure 
probably  result  from  the  enfeebled  tension  of  the  oxygen. 

If,  on  the  other  hand,  the  pressure  is  much  raised,  a  sensation  of 
cold  is  experienced,  while  the  carbonic  anhydride  exhaled  and  the 
oxygen  absorbed  are  diminished.  The  effects  are  due  to  the  increased 
tension  of  the  oxygen.  This  excess  of  oxygen,  as  when  compressed 
air  is  respired,  acts  deleteriously ;  when  nearly  double  the  normal 
proportion,  or  about  35  per  cent.,  is  present  in  the  arterial  blood,  it 
acts  as  a  poison,  convulsions  and  death  occurring,  as  also  a  lowering 
of  the  temperature,  indicating  a  hindrance  to  the  oxidation  (Bert). 
Thus  under  a  pressure  of  20  atmospheres,  corresponding  to  4  atmo- 
spheres of  oxygen,  an  animal  dies  of  asphyxia  and  convulsions.  The 
production  of  carbonic  acid  is  likewise  diminished.  At  a  still 
higher  pressure  oxidation  is  much  diminished  or  ceases  entirely,  just 
as  under  a  high  pressure  phosphorus  will  not  burn. 

12.  Species. — Birds  consume  the  most  oxygen.  The  relation  of 
the  oxygen  expired  in  the  carbonic  acid  to  the  oxygen  inspired  varies 
considei-ably  also  in  the  same  animal  with  the  nature  of  the  food  :  thus  a 
bird  fed  exclusively  on  vegetables  and  grain  excretes  more  oxygen  in 
the  carbonic  acid  exhaled  than  is  supplied  by  the  air  inspired  in  the 
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same  period,  a  proof  that  in  these  animals  part  of  the  carbonic  acid 
may  come  directly  from  the  breaking  down  of  the  food  itself. 

13.  Disease. — In  febrile  conditions  the  temperature  is  raised,  and 
accordingly  is  attended  with  an  increased  production  of  carbonic  acid. 
In  a  case  of  inflammation  in  a  guinea  pig  the  following  results  were 
obtained  : — 


Oxygen  ab- 

Carbonic acid 

Temperature           | 

sorbed  for 

produced  for 

Proportion 

eacb  kilo,  of 

efich  kilo,  of 

of  oxygen  in 

body  weight 
in  c.c.  at  0° 

body  weight 
in  c.c.  at  0° 

the  carbonic 
anhydride  to 

Of  the 

In  the  rectum 

and  760  mm. 

and  760  mm. 

that  absorbed 

air 

of  the  animal 

inring  1  hour 

during  1  hour 

C.             F. 

Normal  condition . 

948-17 

872-06 

0-92 

18-7° 

37-1°     98-7° 

Slight  fever  . 

1137-3 

949-5 

0-83 

17-5° 

38-5°  101-3° 

High       „       .         . 

1242-6 

1201-59 

0-96 

15-9° 

39-7°  103-4° 

The  absorption  of  oxygen  and  the  production  of  carbonic  acid  gas 
are  thus  both  increased  with  the  elevation  of  temperature,  the  respira- 
tions also  being  greatly  increased  in  frequency.  In  febrile  conditions 
there  is  likewise  an  increased  production  of  urea  and  of  abnormal 
quantities  of  organic  bodies  poor  in  nitrogen  or  devoid  of  it. 

Extensive  anaesthesia  of  the  sensory  nerves  leads  to  diminished 
respiratory  exchanges. 

Variations  in  the  Respired  Air. — If  the  proportion  of  oxygen 
is  not  reduced  below  17  per  cent.,  different  inert  gases  may 
be  mixed  with  it  without  risk,  but  in  a  gaseous  mixture  of 
15  per  cent,  oxygen  and  85  per  cent,  nitrogen  sparrows  will 
die  in  less  than  an  hour.  The  presence,  however,  of  even  a 
very  feeble  proportion  of  certain  toxic  gases  is  sufficient  to 
render  the  air  unfit  for  respiration.  When  carbonic  acid  is 
present  in  the  proportion  of  4'5  per  cent,  the  mixture  has 
an  asphyxiating  action,  but  when  it  rises  to  10  per  cent,  the 
asphyxia  is  very  rapid.  Even  the  presence  of  1  per  cent, 
makes  itself  felt,  and  in  stables,  &c.,  horses  and  the  like  begin 
to  show  symptoms  of  suffocation  when  the  air  around  them  con- 
tains only  0*3  per  cent.  It  is  found  that  when  the  proportion 
rises  above  a  certain  amount  it  tends  to  be  redissolved  in  the 
blood  and  to  induce  narcotism.  Accordingly  air  containing 
much  carbonic  acid  is  unfit  for  respiration,  owing  to  its  inability 
to  discharge  the  blood  of  the  carbonic  acid  it  contains.     With 
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an  increasing  proportion  of  the  gas  accumulating  in  the 
respired  air,  a  point  is  soon  reached  at  which  the  gaseous  ex- 
changes between  the  blood  and  the  air  in  the  air  cells  of  the 
lungs  either  ceases  so  far  as  the  carbonic  acid  is  concerned, 
or  takes  place  too  slowly  and  imperfectly  to  keep  the  blood 
sufficiently  pure  to  allow  the  continuance  of  the  vital  processes 
of  the  organism. 

In  an  atmosphere  containing  58*53  per  cent,  oxygen  and 
20*09  per  cent,  carbonic  acid  gas  rabbits  die  rapidly,  although 
the  oxygen  present  is  double  its  normal  amount  in  the  air. 

But  the  dangers  of  a  confined  and  vitiated  atmosphere  are 
due  not  only  to  the  excess  of  carbonic  acid,  but  also  to  the 
accumulation  in  it  of  other  respiratory  products  from  the  lungs 
and  skin.  For  the  mere  presence  of  1  per  cent,  carbonic  acid 
in  the  respired  air  has  very  little  effect,  but  an  atmosphere  in 
which  the  carbonic  acid  has  been  raised  to  this  proportion  by 
respiration  is  highly  detrimental.  Indeed,  air  rendered  so  im- 
pure by  respiration  as  to  contain  even  0*08  per  cent,  carbonic 
acid  gas  is  decidedly  unwholesome.  In  an  hour  a  man  will  add 
about.  1  per  cent,  of  the  gas  to  about  70  cubic  feet  of  air  ;  and 
if  the  proportion  is  kept  down  to  0*1  per  cent,  at  least  700 
cubic  feet  should  be  supplied  to  him  every  hour,  or  about 
16,800  cubic  feet  in  the  24  hours. 


CHAPTER   XXX. 

PB.OSTATE,   TESTICLE,    OVARY,  AND  SEMEN. 

I.  The  Prostatic  Secretion  is  troubled  and  slimy,  and  with  an 
alkaline  or  neutral  reaction ;  it  contains  albumins  in  very  small 
proportion  (0*45  to  0-92  per  cent.),  and  salts,  chiefly  sodic  chloride 
(about  1  per  cent.),  also  potash  and  sulphuric  and  phosphoric 
acids ;  of  water  there  is  about  98*5  per  cent.  But  comparatively 
little,  it  must  be  confessed,  is  known  as  to  the  exact  nature  of 
this  secretion.  It  probably  serves  to  mix  with  and  dilute  the 
semen. 

Prostatic  calculi  frequently  occur.  These  have  been 
found  with  the  following  composition  : — 
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Per  cent. 

Water 8*0 

Organic  substances  (with  2  per  cent,  nitrogen)  15-8 

Lime 37-64 

Magnesia 238 

Soda 1-76 

Potash 0-5 

Phosphoric  acid 33-77 

A  trace  of  iron 

II.  The  Testicle. — The  watery  extract  of  the  fresh  testicle  has 
been  found  alkaline  (Sertoli)  and  acid  (Treskin).  Treskin 
obtained  the  following  bodies  in  the  testicle :  globulin  sub- 
stances precipitated  by  a  saturated  solution  of  sodic  chloride, 
kreatin,  inosit,  leucin,  tyrosin,  lecithin,  cholesterin,  fats,  and 
the  chloride  of  potassium  and  sodium.  Serum  albumin,  alkali 
albuminate,  and  phosphoric  acid  are  probably  also  present,  and 
glycogen  has  been  found  as  an  inconstant  element  (Sertoli). 

In  the  testicle  of  salmon  Miescher  obtained  25  per  cent, 
solids,  of  which  10*95  to  14*72  are  soluble  in  ether ;  these 
ethereal  extractives^consist  in  the  100  parts  of — 


Lecithin 

.     51-8  to  53-12 

Cholesterin  . 

.     13-0  „  15-76 

Fat       . 

.  31-18  „  33-88 

The  secretion  of  the  testicles  is  the  semen,  which  is  a 
white,  viscid  fluid  that  is  characterised  by  the  presence  in  it  of 
the  spermatozoa,  which  exhibit  marked  movements  while  alive 
and  active.  This  power  of  movement  they  retain  for  several 
days  in  the  alkaline  fluids  of  the  body,  but  they  soon  lose  it 
in  acid  fluids,  or  in  water,  alcohol,  ether,  chloroform,  or  strong 
alkalies.  They  have  much  power  of  resistance  against  diff'erent 
reagents  and  do  not  decompose  readily. 

Spermatozoa. — As  their  chief  chemical  components  we  find 
nuclein,  which  appears  to  form  their  exterior,  contained  therein 
being  certain  albuminous  bodies.  Over  4  per  cent,  of  sulphur- 
containing  bodies  are  also  present,  and  a  proportion  of  water  of 
about  82  per  cent. 

In  the  nuclein  obtained  from  the  spermatozoa  of  the  bull 
there  is  16*4  per  cent,  nitrogen,  together  with  7*189  per  cent, 
phosphorus,  but  no  sulphur.     Miescher  gives  it  the  formula 
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C29H4JJN9P3O22.  While  the  nuclein  obtained  from  spermatozoa 
is  free  from  sulphur,  the  similarly  named  body  extracted  from 
the  nuclei  of  pus  corpuscles  contains  1-85  to  2*13  per  cent,  of 
this  element. 

In  addition  to  the  above  lecithin,  cholesterin,  and  fat  have 
also  been  found  in  semen. 

The  pure  spermatozoa  of  the  salmon  have  this  com- 
position : —  . 

Percent, 

Nuclein        .         .         .    ,    .         .         '.         .        .         .  48  68 

Protamin — a  base  in  combination  with  the  nuclein    .  26-76 

Albumins 10-32 

Lecithin 7'47 

Cholesterin 2-24 

Fat 4-63 

The  ether  extract  of  the  spermatozoa  of  the  bull  contains  51*6 
per  cent,  of  lecithin,  and  in  the  dry  spermabozoa  there  is  present  1*18 
per  cent,  of  sulphur  and  2-36  per  cent,  of  phosphorus,  while  of 
ash,  containing  much  phosphate,  there  is  about  5*21  per  cent. 
Crystals  also  of  an  albuminous  character  have  been  found  in  the 
semen,  which  appear  to  be  of  the  same  nature  as  Charcot's  crystals, 
that  are  obtained  from  the  splenic  pulp  and  leuksemic  blood,  &c.  They 
can  frequently  be  obtained  by  spreading  out  some  semen  on  a  piece  of 
glass  and  allowing  it  to  dry  slowly.  It  is  possible,  however,  that  these 
crystals  may  really  be  derived  from  the  prostatic  secretion.  According 
to  BoTTCHER  they  are  soluble  in  water,  but  shrink  up  and  become 
opaque  and  insoluble  in  boiling  water ;  they  are  readily  soluble  in 
alkaline  solutions,  insoluble  in  alcohol,  ether,  and  chloroform,  and  are 
coloured  brown  by  iodine. 

To  the  body  named  protmnin  has  been  assigned  the  formula 
CfjH2oN.r,02.0H.  It  enters  into  combination  with  platinic  chloride,  and 
unites  with  some  of  the  mineral  acids.  An  ammoniacal  solution  of 
nuclein  gives  with  a  solution  of  a  protamin  salt  a  granular  precipitate 
of  nuclein-protamin,  which  is  insoluble  in  water  and  ammonia,  but 
easily  soluble  in  dilute  acids. 

A  body  named  spermatin  has  been  described  as  present ;  it  is  allied 
to  alkali  albumin  and  mucin,  and  to  its  presence  the  semen  is  said  to 
owe  its  mucilaginous  consistency. 

III.  The  Ovary. — The  capsule  and  framework  of  this  gland, 
like  that  of  the  testicle,  is  fibrous,  and  yields  gelatin  when 
boiled.     The  fluid  in  a  Grraafian  follicle  contains  paralbumin. 
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From  tlie  corpora  latea  a  yellow  pigment  (hcemolutein)  can  be 
obtained  by  means  of  chloroform,  and  this  extract  gives  a 
spectrum  with  two  absorption  bands — one  well  defined  and 
close  to  F,  between  it  and  b ;  and  a  second  faint  band  between 
F  and  G. 

Cysts  frequently  form  in  the  ovary.  Their  contents  vary  some- 
what, but  the  fluid  is  generally  turbid,  more  or  less  dark-coloured, 
and  often  thready,  having  a  sp.  gravity  of  1,020  to  1,040,  and  contain- 
ing 0*7  to  0*9  per  cent,  albumin.  After  this  cystic  fluid  has  stood  some 
time  a  moderate  amount  of  sediment  falls,  consisting  of  columnar 
epithelium,  nuclei,  cell  detritus,  and  often  cholesterin  crystals.  When 
it  is  diluted  with  water  a  turbidity  appears,  and  by  the  addition  of 
alcohol  a  precipitate  is  obtained  of  Scherer's  j^cir albumin,  a  body  not 
completely  coagulated  by  boiling  or  by  the  addition  of  acetic  acid, 
thus  diflfering  from  Hoppe  Seyler's  paralbumin,  which  is  precipitated 
by  acetic  and  carbonic  acids. 

Very  thready  fluids  generally  contain  in  addition  alkali  albumin, 
mucin,  mucin  peptone,  and  Eichwald's  colloid,  a  transition  form 
between  mucin  and  its  peptone.  When  boiled  with  dilute  sulphuric 
acid  this  colloid  furnishes  an  unfermentable  body  that  can  reduce 
cupric  oxide.  It  is  insoluble  in  water,  acetic  acid,  alcohol,  and  ether, 
but  soluble  in  the  alkalies  and  in  strong  nitric  acid ;  iodine  stains  it 
brown,  and  Millon's  reagent  gives  it  a  brownish  red  tint. 

In  some  few  large  cysts  a  thin  fluid  of  comparatively  low 
specific  gravity  is  found,  containing  serum  albumin  and  alkali 
albuminate,  but  no  paralbumin,  and  in  addition  some  mucin  and 
peptones.  Occasionally  the  cystic  fluid  may  be  clear,  watery,  and 
very  poor  in  albumins. 

The  largest  cysts  are  found  in  the  broad  ligament,  and  their  fluid 
contents  are  generally  bright,  clear,  and  slightly  opalescent,  weakly 
alkaline,  having  a  specific  gravity  of  1002  to  1007,  containing  little 
or  no  albumin,  sulphates,  or  phosphates,  and  depositing  no  sedi- 
ment. Such  a  fluid  contains  about  2-2  per  cent,  dry  solids,  of  which 
organic  constituents  form  1*3  (albumin  0*95  per  cent.)  and  ash  about 
0-94  per  cent.,  chiefly  sodic  chloride  with  traces  of  sodic  and  calcic 
carbonates. 
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CHAPTER  XXXI. 

DEGENERATIONS. 

The  tissues  and  organs  haviDg  already  been  considered  in  detail, 
certain  degenerations  to  which  they  are  occasionally  subject 
will  here  be  -very  briefly  referred  to. 

They  may  be  classified  into  fatty,  colloid,  mucous,  amyloid 
or  lardaceous,  pigm^entary,  and  calcareous.  But  it  is  often 
difficult,  it  may  be  said,  to  distinguish  between  a  morbid  infil- 
tration and  a  degeneration  in  which  the  tissue  elements  are 
transformed. 

I.  Fatty  Degeneration  is  generally  produced  when  the  circu- 
lation in  a  part  becomes  insufficient.  Fatty  granules  accumu- 
late in  the  corpuscular  elements  of  the  tissue,  giving  them  first 
a  granular  appearance  and  then  causing  them  to  break  down, 
the  protoplasm  in  its  decomposition  giving  origin  to  urea, 
cholesterin,  and  fatty  bodies.  In  phosphorus  poisoning  some- 
what similar  efifects  are  brought  about  in  the  heart  and  liver,  &c., 
with  an  increased  excretion  of  urea  in  the  urine. 

This  direct  change  of  a  proteid  body  into  fat  has  been  proved 
experimentally  by  placing  fragments  of  muscle  or  coagulated 
albumin  in  the  serous  cavities  of  living  animals  (Wagner),  and 
also  by  the  direct  putrefaction  of  fibrin  ( WuRTz). 

The  degeneration  may  be  preceded  by  an  infiltration,  and  in 
certain  acute  diseases  with  a  high  temperature  the  tissue 
elements,  particularly  the  glandular  and  mucous  epitheliums 
and  muscle,  are  invaded  by  fine  granulations  of  a  proteid  nature. 
If  this  condition  is  prolonged  the  albuminoid  infiltration  may 
gradually  undergo  a  fatty  degeneration. 

II.  Colloidal  Degeneration. — In  cells  as  well  as  in  muscles 
(as  the  adductors  of  the  thigh),  after  certain  eruptive  fevers, 
uraemia,  &c.,  an  accumulation  of  homogeneous  refracting  mate- 
rial may  be  often  noted  gradually  replacing  the  normal  tissue, 
first  giving  rise  to  a  granular  appearance  and  then  to  a  vitreous 
aspect. 

In  the  follicles  of  the  thyroid  a  similar  colloid  degeneration 
is  to  be  seen.     When  cells  are  subjected  to  this  degeneration 
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they  swell  up,  and  after  a  time  lose  their  outlines ;  and  in  pro- 
portion as  the  degeneration  proceeds  the  colloidal  material 
loses  its  consistency,  and  becomes  a  trembling  mass  very  rich 
in  sodic  chloride,  and  consisting  chiefly  of  a  non-albuminoid 
body  that  is  precipitated  by  alcohol  and  tannic  acid,  coloured 
red  by  Millon's  reagent,  and  to  which  the  name  of  colloidin 
has  been  given  (Gautier),  with  the  formula  CgHj^NOg;  it 
possesses  the  properties  of  an  amide  derivative  of  the  proteids. 

III.  Mucous  Degeneration. — Normally  a  small  proportion  of 
mucin  is  present  in  some  of  the  tissues ;  if  this  amount  is 
greatly  exaggerated,  and  at  the  expense  of  the  proper  elements 
of  the  tissue,  we  have  mucous  degeneration.  An  accumulation 
of  a  similar  body  is  found  in  certain  tumours  (myxomata, 
enchondromata,  and  sarcomata). 

IV.  Amyloid  Degeneration  is  due  to  the  accumulation  of  a 
pale,  waxy-looking  substance  in  the  tissues  of  a  pait,  causing 
their  elements  to  swell  up  and  their  nuclei  to  atrophy,  and 
after  a  time  their  different  elements  to  fuse  into  irregular 
blocks.  The  organs  most  subject  to  this  change  are  the  liver, 
spleen,  kidneys,  suprarenal  capsules,  and  the  walls  of  blood 
vessels,  &c.,  and  it  is  produced  most  frequently  in  persons  who 
have  been  subject  to  syphilis,  tubercle,  carcinoma,  or  long- 
standing purulent  discharges. 

The  amyloid  substance  contains  15*5  per  cent,  nitrogen  and 
1*37  per  cent,  sulphur.  All  its  reactions  seem  to  show  that 
it  is  a  mixture  of  a  series  of  bodies  closely  allied  to  albumin 
(GtAUTIEr),  although  it  has  long  been  regarded  as  a  special  form 
of  albumin.     (For  its  characters  see  p.  122.) 

V.  Pigmentary  Degeneration. — The  pigment  is  not  always 
the  same,  but  it  is  probably  a  derivative  of  hoemoglobin  decom- 
position. An  abundant  formation  of  this  pigment  occurs  in 
melangemia,  Addison's  disease,  and  melanic  cancer. 

The  pigment  occurs  in  the  form  of  small  dark  granulations. 
The  name  melanin  has  been  given  to  it.  It  dissolves  slowly 
in  caustic  potash,  forming  a  brownish  red  solution,  and  corre- 
sponds in  composition  to  the  normal  pigment  of  the  eye. 

The  pigment  may  also  occasionally  show  itself  in  the  form 
of  crystals  of  haemal oidin.  In  the  disease  named  chroni- 
hydrosis  this  pigment  is  eliminated  with  the  sweat. 
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The  following  is  an  analysis  of  a  melanotic  tumour  (Eiselt 
and  Bolze)  : . 


Albumin  . 

.     3-28 

Soluble  pigment 

.       20 

Insoluble  tissues 

.     7-92 

Salts 

.       10 

pigment    . 

.     3-36 

Water       . 

.     82-4 

VI.  Calcareous  Degeneration. — As  the  result  of  irritation  of 
different  kinds,  of  general  or  local  disturbances  of  nutrition, 
and  of  senile  atrophy,  &c.,  there  may  ensue  an  infiltration  of 
mineral  salts  into  many  of  the  tissues,  particularly  into  the 
coats  of  the  blood  vessels  and  into  costal  cartilages,  giving  rise 
to  the  appearance  of  calcification. 

The  deposit  consists  chiefly  of  carbonate  of  lime  mixed  with 
phosphate  of  lime  and  traces  of  salts  of  magnesia.  The  new 
formation  contains  no  ossein  and  presents  no  ossific  structure. 


CHAPTER   XXXII. 

MILK. 

Physical  Characters. — Milk  is  an  opaque  whitish  fluid, 
having  an  opalescent,  bluish  tint  in  thin  layers,  and  a  sp.  gravity 
varying  between  1018  and  1045,  or  averaging  between  1028 
and  1034  (Simon)  ;  it  is  a  natural  emulsion,  consisting  of  little 
globules  of  fat  invested  with  coatings  of  casein  and  suspended 
in  a  solution  of  albumin,  milk  sugar,  and  salts.  The  reaction  of 
milk  is  variable,  woman's  milk  and  that  of  the  herbivora  being 
normally  alkaline,  but  that  of  carnivora  acid ;  with  the  milk  of 
herbivora,  however,  it  is  often  possible  to  obtain  a  double  re- 
action, both  acid  and  alkaline,  owing  to  the  presence  of  an  acid 
sodic  phosphate  (HgNaPO^)  and  of  an  alkaline  disodic  phos- 
phate (Na2HP04).  Milk  becomes  acid  on  standing,  owing  to 
the  conversion  of  part  of  its  sugar  into  lactic  acid ;  and  at  the 
same  time  the  fatty  globules  rise  to  the  surface,  forming  a  layer 
of  cream,  some  of  these  globules  possibly  also  being  freed  from 
their  protein  envelopes  (^MiJLLER). 

The  so-called  uterine  milk  is  a  white  or  rosy-coloured,  creamy, 
alkaline  fluid,  having  a  density  of  1033  to  1040,  which  is  obtained 
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by  gentle  compression  of  the  placental  cotyledons  of  ruminants.  It 
quickly  becomes  acid  and  coagulates.  Fatty  particles,  free  nuclei 
and  epithelial  cells  are  present  in  it.  This  has  been  assigned  as  its 
composition  in  the  case  of  the  cow  : — 


Water     . 

.     87-91 

Albumin  and  cells  . 

.     10-40 

Solids      . 

.     12-09 

Albuminate     . 

.       0-16 

(Fat    . 

.       1-23 

Ash          ... 

.       0-37) 

In  most  new-born  mammals  the  mammae  may  secrete  a 
little  strongly  alkaline  fluid  during  the  first  month,  which  con- 
tains about  96  per  cent,  water,  1*4  per  cent,  salts,  0*9  percent, 
sugar,  0*55  per  cent,  casein,  and  0*49  per  cent,  albumin. 

ATYioiint  Secreted. — From  the  third  to  the  sixth  month  of 
lactation  a  woman  secretes  each  day  about  2  to  2  J  lbs.  of  milk ; 
but  the  amount  is  very  variable,  and  may  be  taken  as  an 
average  of  1|  pint  daily.  A  good  cow  gives  about  four  times 
its  body  weight  of  milk  in  the  year,  or  about  six  to  seven  litres 
(ten  to  twelve  pints)  each  day. 

Chemical  Composition. — The  milk  contains  dissolved  and 
suspended  constituents  ;  the  latter  are  the  corpuscles  or  globules 
which  consist  of  particles  of  butter  enclosed  in  minute  casein 
envelopes,  g-gVo  ^  5  oVo  ^^  ^^  mch  in  diameter,  though  some 
of  them  may  be  as  small  as  ^o^qq  (Fleischmann). 

For  a  few  days  after  parturition  colostrum  corpuscles,  which 
are  accumulations  of  fatty  particles  of  a  pale  yellow  colour, 
TaVo"  ^^  8  oT  ^^  ^^  inch,  in  diameter,  are  also  present.  A  few 
epithelial  cells  may  likewise  be  met  with. 

With  regard  to  the  existence  of  the  casein  envelopes  as 
distinct  membranes,  it  should  be  mentioned  that  some  doubts 
-have  been  expressed  by  several  observers  (Zahn,  &c.);  but  if 
the  milk  is  first  mixed  with  a  little  caustic  potash,  and  then 
well  shaken  with  ether,  the  fat  will  be  dissolved  up  by  the 
latter  —  indicating,  at  any  rate,  the  existence  of  an  albuminous 
envelope  of  some  kind. 

The  casein,  sugar,  and  fat  are  formed  in  the  cells  of  the  mam- 
mary gland,  chiefly,  no  doubt,  at  the  expense  of  the  proteids, 
by  a  differentiation  probably  of  the  serum  albumin.  The  secre- 
tion appears  to  bear  a  direct  proportion  to  the  production  of 
chyme. 
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1.  Solids  in  a  Pint  of  Milh. 


. 

Grams 

Nitrogenous  constituents . 

.     23-9 

Fatty 

.     227 

Saccharine             „ 

.     30-3 

Salts 

.       4-0 

II.  Composition  of  tits  Milk  of  Different  Animals  (after  GORUP  Besanez, 

LiKBERMANN,  GAUTIER,  &C.). 


Constituents 

Woman 

Ass 

Cow 

Goat 

Colostrum 

Water 

86-27 

S8-9i 

87-77 

84-08 

90-70 

86-56 

86-76 

Solids 

13-72 

11-09 

12-23 

15-92 

19-30 

13-44 

13-24 

Casein  . 
Albumin 

j-  2-95 

3  92 

2-34 

323 

1-70 

3-50 
0-58 

2-92 
1-31 

Butter  , 

5-37 

2-67 

3-68 

5-78 

1-55 

403 

4-48 

Milk  sugar    . 

6-13 

4-36 

5-55 

6-51 

5-80 

4-60 

3-91 

Inorganic  salts 

0-22 

014 

0-23 

0-35 

0-50 

0-73 

0-62 

Sheep  I   Mare 


83-30 
16-69 

(6.7.s! 

6-05' 
3-96 
0-68 


82-84 
17-16 

1-64 

6-87 

18-65 


In  the  case  of  colostrum  the  deficiency  is  in  the  casein,  there 
being  an  excess  of  the  other  albumins.  In  woman's  milk  the 
proteids  may  vary  from  1*1  to  4*19  per  cent.;  in  one  analysis 
ToLMATSCHEFF  obtained  1-28  per  cent,  casein  and  0'34  per  cent, 
albumin. 


III.  The  Ash  of  Milh  in  100  Parts. 


(a) 


Woman's  milk 

Cow's 

milk 

(WlLDENSTEIN) 

4-21 

(Webek) 
6-38 

(Haidlex) 

Sodium    . 

8-27 

Potassium 

31-59 

24-71 

15-42 

Chlorine  . 

19-06 

14-39 

16-96 

Calcium   . 

18-78 

17-31 

1         56-52 

Magnesium 

0-87 

1-90 

Phosphoric  acid 

1900 

29-13 

\ 

Sulphuric       „ 

2-64 

1-15 

Ferric  oxide     . 

0-10 

0-33 

0-62 

Silica       . 

trace 

0-09 

The  potash  salts,  it  will  thus  be  seen,  exceed  the  soda  salts,  the 
inverse  of  which  holds  good  in  the  serum  of  blood. 


(j8)  (Vernois  and  Becquerel.) 


Salts  insoluble  in  water 


soluble 


I  phosphate  of  lime,  with- 
77-5  per  cent,  j      traces  of  other  salts    . 

^  carbonate  of  lime  . 

/  sodic  chloride 
22*5         „        -j     „     sulphate 

''Other  salts 


7006 
6-9 
9-8 
7-4 
5-3 
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Of  ash  in  cow's  milk  Bunge  obtained  O'S  per  cent.,  of  which 
22-14  per  cent.  =  K2O,  24*75  per  cent,  =  phosphoric  acid,  21*3  per 
cent.  =  chlorine,  2005  =  CaO,  13-9  =  NaaO,  2-63  =  MgO,  and 
0-04  =  FeaOs- 

Human  milk  is  therefore  much  richer  than  cow's  milk  in  potash 
salts. 


IV.  T/ie  Relative  Value  of  Different  Kinds  of  Milk. 


Water 

Casein  and 
albnmin 

Butter 

Sugar  and  salts 

Mare's    milk 
Ass's 

Woman's   „ 
Goat's 
Cow's         „ 
Sheep's 

91-15 
89-01 
87-24 
86-85 
84-28 
83-30 

1-03 
3-57 
2-88 
3-79 
4  35 
5-73 

1-27 
1-85 
3-68 
4-34 
6-47 
605 

6-12 

5-57 
5-78 
3-78 
4-34 
3-96 

V.  Condensed  Milk 


(«) 


Water 
Solids 

Casein     . 

Fats 

Milk  sugar 

Cane      „ 

Ash 

Phosphoric  acid 


Per  cent. 
29      to    24 


71 
16 

9 

8 
27 

2 

0-2 


76 

18 

13 

18 

29 
2-5 
0-7 


(j3)  Swiss  Condensed  Milk — without  added  sugar,  but  with  added  benzoic 
acid  (Fleischmann). 


Water . 
Fat  . 
Albumin 


52-31 
13-09 
12-13 


Lactose 
Ash  . 
Benzoic  acid 


17-43 

2-78 
1-74 


VI.   Gases  of  Milk  (Pfluger)  (at  0°  and  1  metre  pressure). 

In  100  volumes  of  milk        lu  100  volumes  of  gas 
Carbonic  anhydride    .        .       760  9048 


Oxygen 
Nitrogen 


0-10 
0-70 


1-19 
8-33 


The  constituents  of  milk,  therefore,  ^Teproteids,  principally 
casein  with  a  little  serum  albumin  ;  fats,  as  olein,  much  palmitin, 
much  less  stearin,  and  about  2  per  cent,  of  the  total  fats  as 
triglycerides  of  butyric  (C4Hg02),  cajiroic  (CgHjgOg),  caprylic 
(CgHjgOg),  with  traces  of  myristic  (Cj^HggOg)  and  arachidic 
(C20H40O2)  acids,  some  of  these  last  probably  not  being  present 
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in  fresh  milk;  inilh  sugar  or  lactose^  which  varies  least  in 
quantity ;  and  extractives  and  salts,  chiefly  potassic  phosphate 
and  chloride,  and  calcic  phosphate,  with  traces  of  cholesterin 
and  lecithin  and  of  a  body  resembling  lutein.  But  analyses 
show  that  great  variation  exists  in  the  composition  of  milk,  as 
is  well  seen  in  the  case  of  cow's  milk  (Borries). 

Woman's  milk  contains  87  to  90  per  cent,  of  water,  in  which  we 
find  casein,  serum  albumin,  a  body  like  lacto-protein  (Millon, 
Liebermann),  together  with  fats,  milk  sugar,  extractives,  and  in- 
organic salts.  The  lacto-protein  body  is  not  precipitated  by  boiling, 
by  acids  or  merciuic  chloride,  but  only  by  the  acid  nitrate  of  mercury. 
HoppE  Seyler  regards  it  as  a  mixture  of  serum  albumin  and  casein. 

Nasse  maintains  that  casein  contains  more  loosely  combined 
nitrogen  than  other  animal  albumins,  Lubawin  considering  it  closely 
allied  to  nuclein.  According  to  Eadenhausen,  when  human  milk  is 
shaken  up  with  ether  it  loses  its  opacity,  which  is  not  the  case  with 
cow's  milk,  this  latter  requiring  the  previous  addition  of  caustic  soda  to 
bring  about  the  same  result.  He  is  further  of  opinion  that  the  casein 
of  human  milk  is  not  true  casein,  but  rather  an  albumin.  Traces  of 
peptone  were  also  found  by  him  in  human  milk.  The  casein  of 
woman's  milk  also  is  not  so  easily  precipitated  by  acetic  and  carbonic 
acid  as  that  of  the  cow,  and  it  forms  a  gelatinous  mass  difficult  to 
filter ;  sulphate  of  magnesia,  however,  precipitates  it  more  readily  and 
completely. 

Coyj's  milk  contains  some  extractives  that  are  said  to  be  wanting 
in  woman's  milk  :  among  these  are  urea  (0*015  per  cent.)  and  traces 
of  kreatin ;  also  acetic  acid  (0"004  to  0'014  per  cent.)  and  alcohol — 
800  c.c.  ass's  milk  yielding  30  c.c.  of  a  distillate  containing  3 '5  per 
cent,  alcohol  and  0-036  gram  acetic  acid  (Bechamp).  Two  different 
caseins  are  likewise  mentioned,  one  soluble  and  the  other  insoluble 
(Selmi),  and  a  trace  of  gelatin  is  also  described. 

The  casein  is  an  acid  body  (Rochleder),  which  in  the  pure 
form  is  scarcely  soluble  in  water,  but  in  milk  it  is  combined 
with  a  soluble  alkali  albuminate.  Calcic  phosphate  also  serves 
as  a  solvent  medium  for  the  casein  of  milk. 

The  relative  proportions  of  casein  and  albumin  in  milk  are 
(Makris)  casein,  1*87  to  4*68  per  cent.;  albumin,  0*60  to 
1*77  per  cent.  In  addition  to  serum  albumin  another  albumin 
is  described  as  present,  having  the  composition  C  =  52*9, 
H  =  6*7,  N=14*4;  it  is  not  precipitated  when   the  milk  is 

c  c 
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acidified  with  acetic  acid  and  a  current  of  carbonic  acid  gas 
passed  through  it,  nor  is  it  coagulated  by  boiling. 

A  considerable  amount  of  nitrogenous  matter,  apart  from 
the  casein  and  albumin,  is  contained  in  milk  (Hoppe  Seyler); 
in  human  milk  it  varies  between  0*3  and  0*5  per  cent.,  and  in 
cow's  milk  it  is  about  0*7  per  cent. 

Danilewski  describes  three  albumins  in  the  whey  of  milk, 
the  chief  one  being  identical  with  the  stroma  albumin  of  the 
milk  globules  ;  the  second  an  albumin  of  albuminoid  character, 
named  orroprotein  ;  and  the  third  being  peptone. 

Milk  sugar  is  one  of  the  characteristic  constituents  of 
milk,  and  butter  the  most  variable  one. 

Coagulation  of  Milk. — Milk,  even  when  just  drawn  from 
the  cow,  contains  living  organisms  derived  from  contact  with 
the  udder,  the  hands  of  the  milker,  or  the  vessel  in  which  the 
milk  is  collected.  These  are  aerobia,  which  take  up  oxygen 
from  the  air  and  produce  diastases  that  coagulate  the  casein. 
If  a  few  drops  of  indigo-carmin  solution  are  added  to  new 
milk  filling  a  stoppered  bottle,  the  colour  soon  disappears,  but 
is  restored  again  on  exposing  the  milk  to  the  air. 

The  coagulation  which  is  due  to  a  deposition  of  the  casein 
may  occur  spontaneously  when  the  milk  turns  sour,  or  after 
the  addition  of  rennet  or  of  vegetable  or  mineral  acids  to 
warm  milk.  Tannin,  alcohol,  the  salts  of  the  heavy  metals, 
and  many  neutral  salts  of  the  alkalies  produce  the  same 
result. 

But  Hammarsten  affirms  that  a  pure  salt-free  casein  solu- 
tion gives  no  permanent  precipitate  even  when  strongly  acidified, 
and  that  also  for  its  coagulation  to  be  effected  by  rennet  the 
presence  of  phosphate  of  lime  is  indispensable ;  further,  that 
when  it  is  coagulated  by  rennet  two  new  albumins  are  formed, 
one  being  a  cheesy  body  soluble  with  difficulty  in  water,  and 
the  other  a  whey  albumin  that  is  easily  soluble. 

The  spontaneous  coagulation  takes  place  in  one  of  two 
ways.  It  is  generally  preceded  by  the  formation  of  lactic  acid 
from  the  milk  sugar  by  the  lactic  ferment,  the  action  of 
which  is  destroyed  by  neutralisation  of  the  milk  with  a  few 
drops  of  sodic  carbonate  and  then  boihng,  or  by  the  addition 
of  borax.      But  spontaneous  coagulation  may  set  in   without 
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the  milk  turning  sour ;  it  is  not  then  due  to  the  lactic  ferment, 
but  to  aerobia  aVjting  as  casein  ferments  and  active  producers 
of  diastases.  This  coagulation  is  not  always  arrested  by  boil- 
ing, even  after  the  addition  of  sodic  bicarbonate.  As  these 
ferments  are  most  active  at  40°  to  45°,  if  the  milk  can  be 
heated  to  this  point  without  coagulating  the  temperature  may 
then  be  raised  to  100°,  when  the  ferments  will  be  destroyed 

(DUCLAUX). 

When  milk  is  boiled  and  allowed  to  evaporate,  a  scum  or 
pellicle  of  insoluble  casein  forms  on  its  surface,  which  is  renewed 
on  its  removal.  Colostrum,  sow's  milk,  and  the  milk  of  carni- 
vora  coagulate  when  heated. 

The  presence  of  small  quantities  of  salts,  such  as  sodic 
and  potassic  chloride  and  acetate,  &c.,  prevents  to  a  certain 
extent  the  precipitation  of  casein  by  acids  ;  so  it  is  possible  that 
when  acid  is  added  to  a  pure  solution  of  casein  minute  traces 
of  salts  may  be  generated  by  the  action  of  the  acid  on  the 
casein.  The  coagulation  by  acid  is  probably  a  precipitation  of 
the  casein  by  a  neutralisation  of  the  solvent  alkali ;  but  for  the 
acid  to  effect  precipitation  it  must  be  added  beyond  the  point 
of  neutralisation. 

Milk  that  has  been  boiled  coagulates  spontaneously  with 
difficulty,  but  after  having  been  acidified  it  does  so  more  readily 
than  unboiled  milk.  Boiled  milk  is  also  more  difficult  to 
coagulate  by  rennet  than  fresh  unboiled  milk. 

F'resh  milk  is  not  coagulated  by  boiling  even  after  a 
current  of  carbonic  acid  has  been  passed  through  it,  but  if  the 
milk  has  stood  some  time  coagulation  will  be  thus  produced, 
while  if  a  sufficient  time  has  elapsed,  and  a  sufficiency  of  lactic 
acid  has  been  developed,  boiling  alone  will  effect  the  coagula- 
tion ;  later  still  a  current  of  carbonic  acid  will  coagulate  the 
milk,  and  finally  the  milk  will  set  of  itself,  the  coagulum  con- 
sisting of  casein  and  fat,  and  the  whey  of  a  solution  of  milk 
sugar,  lactic  acid,  and  inorganic  salts,  with  a  little  fat,  albu- 
min, and  traces  of  casein.  Heat  accelerates  the  process  con- 
siderably. 

Rennet,  we  have  seen,  causes  milk  to  coagulate,  and  this 
occurs  whether  the  milk  is  weakly  acid  or  alkaline,  and  more 
rapidly  at  a  moderately  elevated  temperature  than  at  a  low 
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temperature ;  but  it  coagulates  with  difficulty  if  it  has  been 
previously  heated  to  75°.  Milk  as  it  comes  from  the  cow 
has  a  temperature  of  37°  ;  the  ordinary  temperature  at  which 
coagulation  occurs  is  25°  to  35°  ;  at  65°  the  diastase  of  the 
rennet  is  destroyed,  at  10°  pure  rennet  may  be  left  in  contact 
with  sterilised  milk  for  an  indefinite  time  without  causing 
coagulation,  and  at  41°  the  maximum  effect  is  produced.  The 
addition  of  a  1  per  cent,  sodic  chloride  solution  causes  the 
curdling  to  be  more  rapid;  the  same  occurs  also  with  a  dilute 
potash  solution,  whereas  with  a  4  to  10  per  cent,  sodic  chloride 
solution  it  is  rendered  much  slower. 

An  active  rennet  rtiay  he  thus  prepared  :  The  stomach  of  a  young 
calf  is  rapidly  washed  in  plenty  of  cold  water,  then  distended  with 
air,  and  hung  up  in  a  dry  place  for  two  or  three  months.  All  the 
walls,  except  a  small  portion  round  the  pylorus,  are  cut  up  into  small 
pieces  and  macerated  for  two  or  three  days  in  six  times  their  weight 
of  sodic  chloride  solution  (5  per  cent.) ;  more  of  the  same  saline 
solution,  or  some  5  per  cent,  boric  acid  solution,  is  next  added,  the 
whole  allowed  to  stand  for  some  time,  then  decanted  and  filtered. 
The  filtrate  is  to  be  preserved  in  the  dark  in  full  bottles  tightly 
corked ;  or  seven  to  eight  times  its  volume  of  alcohol  may  be  added 
to  it,  the  precipitate  filtered  off"  after  twelve  hours,  and  dried  at  a 
gentle  heat  This  last  keeps  well  and  may  be  dissolved  in  water  when 
required  (Duclaux).  One  part  of  this  dry  mucus,  which  need  not 
contain  more  than  10  per  cent,  diastase,  will  cause  200,000  parts  of 
milk  to  coagulate  in  45  minutes  at  37°. 

Free  lactic  acid  liberates  the  casein  from  its  alkali  com- 
bination, and  accordingly  rennet  acts  more  completely  on  a 
milk  that  has  stood  some  time,  in  which  part  of  the  milk 
sugar  has  fermented ;  but  the  coagulation  of  the  casein  by 
rennet  and  by  lactic  acid  are  not  to  be  regarded  as  identical. 
Milk,  it  may  be  said,  contains  a  lactic  acid  ferment,  or  a  body 
that  is  readily  converted  into  it;   it  is  precipitable  by  alcohol. 

Alterations  in  Milk  produced  hy  Exposure  to  the  Air,  Age  oj  the 
Animal,  Character  of  the  Food,  <kc. 

{a)  Exposure  to  the  Air. — Milk  exposed  to  the  air  absorbs  in 
three  days  more  than  its  own  volume  of  oxygen,  part  of  its  casein 
being  transformed  at  the  same  time  into  butter  (Hoppe  Seyler)  ; 
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and  by  degrees  tlie  milk  turns  acid  from  the  production  of  lactic  acid 
at  the  expense  of  the  sugar.  When  the  lactic  acid  rises  to  4  per  cent, 
it  ceases  to  increase.  If  the  milk  is  frequently  agitated  in  the  air, 
alcoholic  or  even  butyric  fermentation  may  be  set  up.  Boiling  retards 
the  acidification,  and  the  same  results  from  the  addition  of  thymol 
and  boracic  acid  or  its  glyceride. 

(5)  Age  arid  Habit. — In  women's  milk  comparatively  little  differ- 
ence seems  to  exist  between  the  ages  of  20  and  35,  although  after  20 
it  is  said  to  become  somewhat  thinner,  containing  more  water  and 
less  casein  and  butter.  Before  the  age  of  20  the  milk  contains  more 
salts,  casein,  and  butter  than  later  in  life ;  and  after  set.  35  it  is  a 
little  poorer  in  salts,  the  other  elements  apparently  remaining  un- 
altered. 

It  has  also  been  stated  that  women  of  spare  habit  secrete  a  milk 
richer  in  solids  (as  casein,  &c.)  than  women  of  robust  habit,  and  that 
the  milk  of  brunettes  is  richer  in  casein,  butter,  and  milk  sugar  than 
the  milk  of  blondes  (L'Heritier)  ;  but  no  difference  has  been 
observed  by  others  (Tolmatscheff). 

The  milk  of  a  mother  after  her  first  child  is  said  to  contain  less 
solids  than  that  secreted  after  subsequent  confinements. 

(c)  Duration  of  Secretion. — Milk  secreted  by  the  mother  the  first 
three  or  four  days  after  parturition  contains  an  excess  of  fat  and  is 
named  the  colostrum.  This  is  a  slimy,  yellowish,  alkaline  fluid, 
having  a  specific  gravity  of  1040  to  1060,  which  on  standing 
separates  into  two  layers ;  compared  with  ordinary  milk  it  is  richer 
in  fat,  milk  sugar,  and  salts. 

Shortly  before  parturition  the  human  milk  contains  about  14  per 
cent,  solids,  about  2  per  cent,  butter,  and  3 J  per  cent,  sugar ;  but 
about  24  hours  after  delivery  nearly  16  per  cent.  soHds,  which 
diminish  about  1  per  cent,  every  few  days  till  the  twelfth  day,  when 
they  average  about  9*5  per  cent.  Two  days  subsequently  to  parturi- 
tion the  butter  averages  nearly  5  per  cent*  and  the  sugar  6  per  cent. 
— proportions  that  diminish  rapidly  to  the  normal  (Clemm,  &c.) 

During  the  first  five  months  the  salts  are  in  excess,  and  then 
progressively  decrease  to  the  eighth  month,  when  they  increase 
slightly  ;  the  casein  and  extractives  diminish  up  to  the  second  month, 
and  then  remain  nearly  constant,  but  from  the  tenth  to  the  twenty- 
fourth  month  the  casein  declines ;  from  the  eighth  to  the  tenth  month 
the  sugar  increases,  this  body  being  in  small  proportion  during  the 
latter  part  of  the  first  month  ;  and  in  the  fifth  and  sixth,  and  tenth 
and  eleventh  months  the  butter  falls  in  proportion,  progressively 
diminishing  from  the  first  to  the  eighth  month,  and  then  increasing 
slightly. 
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After  suckling  is  given  up  the  solids  rapidly  fall.  The  milk 
secreted  after  a  long  period  of  lactation  is  generally  poorer  in  casein 
and  richer  in  other  albumins  than  the  milk  secreted  at  an  earlier 
period. 

{d)  Influence  of  Frequent  Removal  of  the  Milk,  Time  of  Day, 
Season,  &c. — The  less  frequently  the  milk  is  taken  from  the  mammary 
gland  the  greater  is  its  proportion  of  water,  the  last  portions  removed 
being  generally  the  richest  in  butter,  generally  containing  seven 
times  more  than  the  milk  that  comes  away  at  first — due  probably  to 
the  greater  degree  of  agitation  to  which  this  last  portion  has  been 
subjected,  and  possibly  also  to  its  coming  from  the  finer  canals. 

In  mammals  it  has  been  observed  that  the  evening  milk  is  nearly 
twice  as  rich  in  butter  as  the  morning  milk.  If  a  cow  is  milked  three 
times  a  day,  the  proportion  especially  of  casein  and  of  butter  is  higher 
in  the  evening,  the  salts  remaining  about  the  same  (Bodecker)  : 


:Monuiig 

Midday 

Evening        i 

Sp.  gravity 

1038 

1040 

1036 

Water       . 

89-9 

89-2 

86-6 

Solids       . 
Casein  . 

101 

10-8 

13  4 

224 

2-36 

2-72 

8ngar   . 

4-30 

4-72 

419 

Butter  . 

2-17 

2-63 

5-42 

Albumin 

0  44 

0-32 

0-31 

Ash       . 

0-83 

0-69 

0-78       1 

(Fleischmann.) 

iforning 

Evening 

Sp.  gravity    . 
Percentage  of  fat . 
Yield  for  each  cow 

1031-6 
3-37 
in  kilos.           .                 3-552 

1031-8 
342 
3-439 

According  to  Erlenmeyer,  however,  midday  milk  is  the  richest 
in  fat,  and  morning  milk  the  poorest,  because  of  the  greater  quantity 
of  milk  that  has  been  formed  since  the  previous  milking.  Eleiscii- 
MANN  states,  as  the  result  of  observations  continued  over  three  years, 
that  in  morning  milk  the  fat,  dry  solids,  and  sp.  gravity  are  lower 
than  in  evening  milk,  the  difference  being  slight  but  constant. 

In  summer  the  milk  is  more  abundant  and  richer  in  butter  than 
in  winter. 

(e)  The  Food. — Wliile  the  quality  of  the  food  does  not  seem  to 
exercise  much  influence  on  the  character  of  the  milk,  the  quantity 
appears  to  do  so  (Decaisne).     Yet,  according  to  some  authorities,  a 
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food  rich  in  proteids  increases  the  butter  and  sugar  (Subbotin, 
Weiske).  An  exclusively  animal  diet  increases  the  albumin  at  the 
expense  of  the  casein.  Abundance  of  food  increases  both  casein  and 
fat,  while  a  lessened  diet  diminishes  the  total  solids  with  the  exception 
of  the  albumin. 

(/)  Rest  seems  to  encourage  the  formation  of  butter,  exercise 
impoverishing  the  milk  in  butter,  but  enriching  it  in  casein.  The 
emotions  appear  to  exercise  considerable  influence  on  the  character  of 
the  secretion.  '  During  menstruation  the  milk  is  richer  in  solids 
(Roger),  but  it  appears  to  contain  less  nutritious  principles  and  is 
more  liable  to  excite  gastric  disturbance  in  the  infant.  Probably  the 
chief  chemical  alteration   consists  in  the  diminished   proportion   of 


BTJTTEIt. — Cow's  butter  contains  about  68  per  cent,  palmitin 
and  stearin,  30  per  cent,  olein,  and  2  per  cent,  special  fats 
(Bromeis),  and  the  solid  fats  appear  to  be  more  abundant  in 
winter  than  in  summer  (Braconnot).  But  the  standard  pro- 
portion of  fixed  acids  in  genuine  butter  fat  has  been  variously 
fixed  by  different  chemists — 87'5  per  cent.  (Hehner),  88  to 
88-36  per  cent.  (Bischoff),  89*73  per  cent.  (Fleischmann). 

The  amount  of  fat  in  cream  is  also  said  to  vary  very  much, 
from  14  to  44  per  cent.  (Wanklyn). 

By  mechanical  agitation  the  butter  can  be  separated  from 
the  milk  globules.  This  is  effected  most  readily  at  a  tempera- 
ture of  about  14°,  after  the  milk  has  become  slightly  acid,  and 
when  the  strokes  of  the  instrument  used  in  producing  the 
agitation  do  not  exceed  30  to  40  in  the  minute.  .  To  this 
operation  the  word  *  churning '  is  applied. 

About  two -thirds  of  the  milk  fat  can  thus  be  obtained  as 
butter,  the  other  kind  remaining  behind  in  the  buttermilk. 
100  kilos.  (220  lbs.)  of  milk,  furnishing  a  mean  of  15*6  kilos. 
(34  lbs.)  of  cream,  yield  3  to  4  kilos.  (6*6  to  8*8  lbs.)  of  butter. 
The  butter  thus  prepared  may  contain  as  much  as  18  per  cent, 
casein  ;  it  melts  between  30°  and  40°,  and  is  readily  soluble  in 
alcohol  and  ether.  By  exposure  to  the  air  and  direct  sunlight 
butter  becomes  rancid,  owing  to  the  development  of  fatty- 
acids,  glycerin,  acrolein,  and  formic  acid,  &c.,  making  their 
appearance. 

The  peculiar  smell  and  taste  of  rancid  butter  is  generally 
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assumed  to  be  due  to  the  presence  of  free  butyric  acid,  but  accord- 
ing to  Hagemann  this  does  not  seem  to  be  the  case,  being  due 
more  likely  to  the  formation  of  lactic  acid  by  a  process  of  fer- 
mentation from  the  milk  sugar  contained  in  the  butter. 

The  Preservation  of  Milk. — A  number  of  different  bodies  like 
salicylic  acid,  ether,  chloroform,  phenol,  borate  of  soda,  and  boro- 
glyceride,  when  added  in  small  proportion  to  milk,  tend  to  preserve 
it ;  but  this  preservation  is  best  effected  by  evaporating  the  milk  to  a 
thick  syrup  under  a  reduced  pressure,  and  adding  to  it  a  considerable 
quantity  of  cane  sugar ;  this  on  dilution  gives  a  fluid  corresponding 
to  the  original  milk,  except  in  containing  more  saccharine  matter. 

Digestibility  of  Casein. — E-ennet  precipitates  casein  in  compact 
masses  both  from  raw  milk  and  milk  that  has  been  warmed  a  short 
time  at  50°  to  70°.  If  the  milk  is  boiled  or  kept  two  hours  at  70° 
(Becker's  method  of  milk  preservation)  a  fine  flocculent  curd  soon 
forms  with  rennet.  Digestion  experiments  with  artificial  gastric 
juice  and  subsequent  colorimetric  determination  of  the  peptones 
show  that  Becker's  preparation  yields  most  peptones,  boiled  milk 
coming  next,  and  raw  milk  yielding  least. 

Substitutes  for  woman  s  7nilk  have  been  projjosed  for  children. 
If  we  compare  woman's  milk  with  that  of  the  ass  and  cow  we  find — 


Woman 

Ass 

Cow 

Casein 

.     2-7 

1-7 

4-2 

Butter      . 

.     3-5 

1-3 

3-8 

Milk  sugar 

.     5-0 

4-5 

38 

Salts 

.     0-2 

0-5 

07 (Frankland) 

Therefore  the  proportion  of  casein  in  cow's  milk  is  too  high  and 
that  of  milk  sugar  too  low.  In  the  substitutes  proposed  an  attempt 
is  made  to  obviate  this.  But  it  should  be  remembered  that  the 
casein  of  woman's  milk  does  not  appsar  to  be  exactly  identical  with 
that  of  cow's  milk. 


I.  Unskimmed  milk 
Cream  of  milk     .... 
Crystallised  sugar  of  milk    . 
Phosphate  of  lime  (recently  precipitated) 
Water 

II.  Wheat  flour  .... 
Malt  „  .... 
Potash  bicarbonate 

Mix  well  and  add 

Water 

Cow's  milk  ..... 


600  grams 
13       „ 

ir>     „ 

1-5      „ 
339-5        „     (COULIER). 

1  oz. 

1  „ 

14^  grains 

2  oz. 
10   „ 


I 
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Warm  the  mixture,  with  continuous  stirring,  oyer  a  very  slow 
fire  till  it  become^  thick,  then  remove  from  the  fire  and  stir  well  for 
five  minutes ;  put  it  on  the  fire  again  and  take  it  off  as  soon  as  it  gets 
thick ;  finally  let  it  boil  well.  It  should  form  a  thin  and  sweet 
liquid  previous  to  the  last  boiling.  Before  use  strain  through 
muslin. 

III.  Heat  half  a  pint  of  skimmed  milk  to  35°,  and  add  to  it 
a  little  rennet ;  let  it  stand  in  a  warm  place,  either  over  a  lamp  or  in 
some  hot  water,  for  ten  minutes  or  so.  Break  up  the  curd  finely  with 
a  knife,  and  after  a  quarter  of  an  hour  strain  the  whey  through 
muslin  and  boil  it  in  a  small  saucepan,  adding  to  it  110  grains  of 
powdered  sugar  of  milk.  Strain  again  through  muslin,  and  when 
quite  cold  add  to  it  two-thirds  of  a  pint  of  milk  fresh  from  the  cow, 
and  two  teaspoonfuls  of  cream,  stirring  well  together.  The  milk 
obtained  should  be  kept  in  a  cool  place  ;  a  little  of  it  is  warmed  when 
required,  but  it  must  be  freshly  prepared  every  1 2  hours  (Frankland)  . 

Pathological  Alterations  in  Milk.  Drugs,  dhc. — Salts  of  iodine, 
antimony,  and  arsenic  rapidly  appear  in  the  milk  after  their  adminis- 
tration ;  also  salts  of  mercury  after  heavy  and  repeated  doses,  though 
this  is  denied  (Kuhler).  Boric  acid,  chlorides,  alkaline  carbonates, 
and  salts  of  iron,  lead,  and  zinc  may  likewise  appear;  also  the 
organic  acids,  morphia,  and  other  alkaloids.  The  ingestion  of  certain 
poisonous  plants  and  of  damaged  grain  affects  the  milk  injuriously. 

In  certain  morbid  conditions  there  is  an  increase  of  the  albumin 
at  the  cost  of  the  casein.  In  osteomalacia  the  lime  salts  are  increased. 
Blue  milk  has  been  observed  containing  a  coloured  vibrio.  Blood 
and  pus  may  be  present.  The  contour  of  the  globules  may  be  altered 
and  not  sharply  defined,  and  their  number  lessened  (as  in  '  distemper ' 
of  cows). 

During  acute  fevers  the  secretion  of  milk  decreases,  the  casein 
increasing,  but  the  sugar  and  fats  diminishing. 

In  chronic  diseases  the  proportion  of  casein  falls  slightly,  while 
the  butter  and  salts  increase,  the  sugar  remaining  constant. 

In  tubercular  consumption  it  is  said  that  the  milk  acquires  a 
peculiar  infective  taint.  In  syphilis  the  salts  are  doubled,  but  the 
casein  and  butter  are  diminished.  In  difi'erent  cachexias  the  nutri- 
tive qualities  are  lessened.  In  the  rinderpest  in  cows  the  milk  is 
often  of  a  reddish  yellow  colour ;  it  may  contain  blood  and  possess  a 
nasty  taste ;  the  proportion  of  butter  and  sugar  may  sink  to  one-third 
the  normal,  while  the  albumin  and  salts  may  be  increased  to  three 
times  their  ordinary  amount,  the  casein  also  being  doubled.  HussON 
found  the  following  percentages:  casein  5*02,  albumin  2*06, 
fat  1-26  to  1-49,  sugaiv  1-64  to  3-14,  salts  1-85. 
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CHAPTER   XXXIII. 

THE  ANALYSIS   OF  MILK. 

Physical  Characters. — Good  cow's  milk  is  white  with  a  faint 
yellowish  tint,  or  when  diluted  it  is  bluish  white ;  it  has  a  fatty 
and  not  a  watery  feel  between  the  fingers  ;  if  undiluted  a 
drop  of  it  placed  on  the  thumb  nail  retains  its  shape  instead  of 
rapidly  spreading  out,  which  it  is  very  likely  to  do  if  it  has 
been  diluted  or  if  it  proceeds  from  an  unhealthy  source.  Its 
sp.  gravity  should  not  be  lower  than  1018  or  higher  than  1045  ; 
an  average  of  1029  to  1033  at  15°  is  given  by  some  authorities. 
The  reaction  is  generally  alkaline,  though  at  times  it  is  ampho- 
teric, and  occasionally  while  the  first  of  a  milking  is  alkaline 
the  last  of  it  may  be  acid. 

TESTS.— I.  Qualitative. 

1.  Examine  a  drop  under  the  microscope  and  note  the 
globules ;  then  add  a  drop  of  acetic  acid,  and  on  moving  about 

the  cover  glass  the  globules  will  be  seen  to 

®o   ^'^^ oQ        coalesce,  owing  to  their  casein  coatings  hav- 

o  ^  °o  »  o  o""  ^^o '  o     ^^g  ^6en  dissolved.     In  addition  globules  of 

^  o  ®  o^o "  o  V  ®      ^^^^  ^'^^  ^^^y    ^^  ^^^^^    ^^^  large   granular 

Q®  ^  ^"^  ®    ^   ^  "       ^^t,ty  cells  (particularly  in  human  milk  after 

® "°  o®  ®      '        parturition),  also  fine  free  granulations  con- 

FiG.  27.— Milk  glo-       sistinff  chieflv  of  casein  and  nuclein,  and  dis- 

appearing  on  the  addition  of  caustic  potash. 

2.  Take  the  sp.  gravity.  As  the  hydrometer  or  lacto- 
meter is  generally  graduated  for  a  temperature  of  15°,  the 
milk  should  be  brought  to  this  point  if  accurate  results  are 
required  ;  otherwise  a  correction  must  be  made.  Normal  cow's 
milk  is  said  to  indicate  1028  to  1034.  Dilute  some  normal 
cow's  milk  with  half  its  volume  of  water  and  take  the  sp. 
gravity:  it  will  vary  from  1014  to  1016. 

The  following  numbers  have  been  given,  but  they  are  pro- 
bably a  little  too  high  : — 

With  s^kimmcd  milk        Unskimmed  milk 
A  sp.  giavily  of  10:i7   lo   1(33  or  1033  to  1029  indicates  a  pure  milk 

„         '„       1033    „    1029   „  1029    „    1026         „         milk   uitli    10   per 

cent,  water 
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With  skimmed  milk        Unskimmed  milk 
A  sp.  gravity  of  1029    to  1026  or  1026  to    1023  indicates   milk   with   20  per 

cent,  water 
„         „       1026    „    1023   „  1023    „    1020  indicates   milk   with   30  per 

cent,  water 
„         „       1023    „    1020   „  1020    „    1017  indicates  miik   with   40  per 

cent,  water 

3.  Separate  the  casein  by  diluting  the  milk,  acidifying 
slightly  with  acetic  acid,  and  heating  up  to  60°  or  70°  ;  but  by 
heating  to  80°  the  flocculent  precipitate  becomes  more  marked, 
and  a  more  complete  separation  of  the  casein  is  effected  by  sub- 
sequently passing  a  current  of  carbonic  acid  gas.  The  greater 
part  of  the  butter  separates  with  the  casein.  To  detect  it 
wash  the  casein  precipitate  with  water,  exhaust  the  washed 
mass  with  a  mixture  of  alcohol  and  ether,  and  evaporate  the 
extract  thus  obtained.  Boil  the  filtrate  from  the  first  casein 
precipitate,  or  add  to  it  potassic  ferrocyanide,  and  a  precipitate 
of  the  serum  albumin  will  be  obtained. 

4.  To  Separate  the  Butter, — Add  to  a  little  milk  contained 
in  a  long  cylindrical  tube  half  its  volume  of  caustic  potash 
solution  (10  per  cent.),  and  then  shake  the  mixture  rapidly 
with  twice  its  volume  of  ether.  Next  insert  the  tube  in  a 
vessel  containing  hot  water ;  the  ethereal  solution  accumulates 
at  the  top  of  the  fluid  in  the  tube,  and  when  it  evaporates  leaves 
a  layer  of  butter  behind. 

Or  take  a  long  graduated  tube  closed  at  one  end  and  fill 
it  one- fourth  with  milk,  one-fourth  with  ether,  and  another  one- 
fourth  with  spirit  (about  86  per  cent.)  ;  cork  it,  and  having 
shaken  it  well  leave  the  tube  inverted  for  some  time  at  a 
temperature  of  about  40°  until  an  oily  layer  has  formed  and 
appears  not  to  increase.  By  this  means  a  better  estimate  can 
be  formed  as  to  the  amount  of  butter  present. 

5.  Separation  of  the  Globules  by  Filtration  and  Detection 
of  Albumin  in  the  Clear  Filtrate, — By  means  of  a  reduced 
pressure  filter  milk  through  porcelain  (p.  11);  the  globules 
will  be  stopped  and  a  clear  fluid  will  pass  through  containing 
albumin.  Show  this  by  testing  the  clear  filtrate  successively 
by  boiling  it  and  by  the  addition  of  nitric  acid. 

6.  To  Detect  the  Sugar, — Warm  some  milk,  after  the  addi- 
tion of  a  few  drops  of  acetic  or  hydrochloric  acid,  to  40°  ;  filter 
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after  some  time  through  a  moist  plaited  filter ;  shake  the 
filtrate  with  ether,  to  separate  the  fat  completely ;  then  boil  it 
to  coagulate  the  dissolved  albumin ;  filter,  and  evaporate  the 
filtrate  to  a  thick  syrupy  consistence,  when  the  lactose  will  be 
gradually  deposited  in  a  crystalline  form. 

7.  Tincture  of  guaiacum  added  to  a  drop  of  fresh  milk  in  a 
watch  glass  produces  an  intense  blue  coloration  at  once  or 
after  a  few  seconds.  Milk  that  has  been  boiled  remains  un- 
coloured. 

II.  ftuantitative. 

1.  The  Solids. —  (j)  To  10  grams  dry  sand  or  powdered  gypsum 
add  5  c.c.  milk,  then  dry  the  mixture  for  a  long  time  at  100°  until  the 
weight  is  constant.  The  increase  in  weight  is  equal  to  the  solids  in 
5  c.c.  milk.  Suppose  this  to  be  =  0-5  gram,  then  100  c.c.  milk  contain 
10  grams,  or  10  per  cent,  solids  (Baumhauer). 

Instead  of  5  c.c.  10  grams  of  milk  and  20  grams  of  dry  sea  sand 
may  be  weighed  in  a  tared  capsule  of  about  50  c.c.  and  evaporated 
at  100°  till  the  weight  is  constant.  When  quite  cold  the  capsule, 
with  its  contents,  is  weighed  in  a  desiccator  over  sulphuric  acid. 

(ij)  Place  a  little  milk  in  a  platinum  capsule,  and  having  weighed 
it,  add  a  few  drops  of  alcohol  or  acetic  acid ;  evaporate  over  a  water 
bath,  dividing  the  coagulum  against  the  sides  of  the  dish,  and  dry  it 
at  100°  to  110°  until  the  weight  is  constant.  It  is  generally  com- 
pleted in  six  hours  (Gerber).  Cover  carefully  before  weighing,  as 
the  residue  is  very  hygroscopic. 

The  total  solids  should  not,  as  a  rule,  be  much  less  than  11-5  per 
cent.;  cow's  milk,  for  example,  varies  between  10*5  and  15  per  cent.  ; 
less  than  this  indicates  dilution. 

2.  The  Butter.— Q)  Shake  the  milk  well,  and  to  20  c.c.  of  it  add 
20  c.c.  of  a  10  per  cent,  caustic  potash  solution,  and  then  some  ether 
(60  to  100  c.c),  and  agitate  vigorously  for  some  time ;  on  standing 
the  ethereal  solution  of  the  liberated  fat  rises  to  the  surface,  and  is  to 
be  carefully  decanted  into  a  weighed  porcelain  dish.  Some  more 
ether  is  to  be  added  to  the  alkaline  milk,  and  after  vigorous  agitation 
it  also  is  to  be  transferred  as  before  to  the  capsule.  The  same  process 
may  be  repeated  several  times  if  necessary.  The  ethereal  extract  is 
now  evaporated  over  a  water  bath,  and  after  having  been  dried  in  an 
air  bath  at  110°  the  weight  of  the  residue  is  to  be  ascertained  ;  this 
multiplied  by  5  gives  tlie  percentage.  With  cow's  milk  it  varies 
between  2  and  .5  per  cent.,  but  the  normal  minimum  for  fats  is  about 
2*75  (Cameron). 
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(ij)  An  aj)proximative  deter mhiation  may  also  be  made  by  means 
of  a  graduated  narl'ow  glass  cylinder  or  lactometer  divided  into  100 
degrees  from  above  downwards.  The  milk,  well  shaken,  is  poured 
into  this  vessel  until  it  stands  at  0°  ;  the  whole  is  then  laid  aside  for 
24  hours  at  a  temp,  of  10°  to  12°.  The  cream  rises  to  the  surface 
and  forms  a  layer,  the  thickness  of  which  is  to  be  read  off  at  the  end 
of  this  time.  Good  milk  should  yield  from  10  to  15  per  cent,  of 
cream. 

(iij)  Determination  by  the  Optical  Method. — Both  the  following 
processes  are  founded  on  the  determination  of  the  degree  of  opacity  of 
milk,  which  depends  on  the  number  of  globules  present. 

{a)  With  the  yalactoscope  of  Donne  the  light  of  a  candle  is  examined 
in  a  dark  room  through  a  variable  length  of  column  of  milk  until 
the  light  is  occluded,  and  from  the  length  of  column  at  which  this 
occurs  the  richness  of  the  milk  in  corpuscles  is  estimated. 

ip)  Yogel's  milk  test  consists  in  the  addition  of  small  measured 

portions  of  milk  to  100  c.c.  of  water,  until  a  portion  of  the  mixture 

transferred  to  a  glass  test  vessel  with  parallel  vralls  O'S  cm.  apart 

renders  it  opaque  to  light.     The  percentage  of  fat  is  obtained  by  the 

23*2 
formula  a;  =  —  ~  +  0'23,  7i  being  the  number  of  c.c.  of  milk  re- 
n 

quired  to  produce  the  opacity. 

A  cylindrical  bottle  is  used  in  which  to  mix  the  milk  and  water. 
100  c.c.  of  water  is  first  placed  in  this  bottle,  and  then  by  means  of  a 
finely  graduated  pipette  3  c.c.  of  milk  added,  and  the  two  shaken 
together.  The  glass  test  vessel  is  then  filled  with  the  mixture  and 
placed  in  a  darkened  room,  about  a  metre  in  front  of  a  stearin  candle. 
If  the  image  of  the  flame  can  be  seen  through  the  layer  of  liquid,  then 
return  it  to  the  bottle  and  add  0"5  c.c.  more  milk  to  it ;  shake  the 
bottle  and  repeat  the  experiment.  This  is  to  be  continued  until  the 
outlines  of  the  flame  can  no  longer  be  seen  through  the  layer  of  fluid 
in  the  test  vessel. 

6  c.c.  pure  cow's  milk  forms  a  mixture  with  100  c.c.  water  which 
completely  obscures  the  flame  of  a  candle  in  a  darkened  room.  When 
more  milk  than  this  is  required  dilution  with  water  is  indicated  : 
thus  when  12  c.c.  are  needed  50  per  cent,  too  much  water  is  present 
in  the  milk,  and  when  8  c.c.  about  30  per  cent. 

3.  The  Casein  and  Albumin. — j.  {a)  Dilute  20  c.c.  milk  with 
400  c.c.  water  and  treat  the  mixture  with  very  dilute  acetic  acid 
added  drop  hy  drop  until  a  flocculent  precipitate  begins  to  apjnar. 
Now  pass  a  current  of  carbonic  acid  gas  through  the  fluid  for  15  to 
30  minutes,  and  lay  aside  for  one  to  two  days.    Collect  the  precipitated 
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casein  on  a  weighed  filter,  wash  it  with  spirit  and  then  with  ether 
until  a  drop  of  the  washings  leaves  no  fatty  stain  on  paper;  dry  at 
100°  and  weigh.  Subtract  the  weight  of  the  filter,  and  the  difference 
multiplied  by  5  gives  the  percentage  of  casein. 

In  the  case  of  human  milk  precipitate  the  casein  by  saturating 
with  magnesic  sulphate. 

{h)  The  filtrate  from  the  casein  precipitate  is  to  be  concentrated  to 
a  small  bulk  over  a  water  bath,  and  an  acetic  acid  tannin  solution 
added  so  long  as  any  precipitation  occurs ;  and  after  the  precipitate  has 
settled  collect  it  on  a  weighed  filter,  where  it  is  to  be  washed  with 
dilute  spirit  until  the  filtrate  gives  no  blue  coloration  with  ferric 
chloride  (indicating  absence  of  tannin) ;  dry  now  at  100°  and  weigh. 
The  weight  multiplied  by  5  gives  the  percentage  of  albumin. 

In  cow's  milk  the  casein  varies  between  3'3  and  6  per  cent.,  and 
the  other  albumins  from  0'3  to  0'4  per  cent.  In  diseased  milk  the 
casein  may  be  as  low  as  0*2  per  cent,  and  the  other  albumins  as  high 
as  10  per  cent. 

ij.  {a)  10  c.c.  milk  is  diluted  with  100  c.c.  distilled  water  and  w^ell 
mixed;  a  copper  solution  made  by  dissolving  63"5  grams  cupric 
sulphate  in  1  litre  of  water  is  then  added  slowly  with  stirring  until 
the  coagulum  begins  to  settle  quickly.  The  whole  mixture,  together 
with  half  the  cupric  sulphate  solution  already  employed,  is  then  added 
to  some  potash  solution  (50  grams  potash  to  the  litre),  and  after  a 
short  interval  the  clear  fluid  is  filtered  off  through  a  filter  dried  at 
110°  ;  the  precipitate  is  washed  until  the  washings  amount  to  250  c.c, 
and  the  sugar  is  to  l)e  estimated  in  this  subsequently. 

{h)  The  coagulum  on  the  filter  is  next  treated  with  absolute 
alcohol,  slowly  dried,  and  extracted  with  ether;  the  ethereal  and 
alcoholic  extracts  are  then  to  be  distilled,  and  the  fatty  residue  dried 
and  weighed.  The  coagulum,  after  having  been  dried  at  125°,  is 
weighed,  then  ignited,  the  ash  deducted,  and  the  difference  taken  as 
pure  albuminoid  (Eitthausen). 

4.  The  Sugar. — (j)  Take  25  grams  of  milk,  acidify  with  hydro- 
chloric acid,  boil,  and  filter,  washing  the  coagulum  with  water ;  and 
to  convert  the  milk  sugar  into  glucose  boil  the  filtrate  and  washings 
for  an  hour  or  so  in  a  flask  to  the  mouth  of  which  a  long  tube  has 
been  attached.  When  the  liquid  cools  make  its  volume  up  lo  200  c.c, 
and  determine  the  sugar  by  Fehling's  method  (p.  76),  measuring 
20  c.c.  Fehling's  solution  into  a  flask,  diluting  with  80  c.c  water,  and 
to  the  boiling  mixture  adding  the  diluted  filtrate  from  a  Mohr's 
burette  until  the  copper  is  entirely  reduced. 

(ij)  This  sugar  determination    may   be   readily   effected   by  the 
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polariscope.  Measure  40  c.c.  milk  into  a  flask  of  100  c.c.  capacity, 
add  some  carbonate  of  soda  if  the  milk  is  not  alkaline,  and  then 
20  c.c.  moderately  concentrated  solution  of  neutrul  acetate  of  lead, 
and  shake  well ;  having  next  fitted  the  neck  of  the  flask  to  a  long 
glass  tube  or  to  the  condenser  of  a  Liebig's  still,  boil  it  over  a  small 
flame ;  then  filter  and  test  the  filtrate  with  the  polariscope  (p.  73). 
With  a  1 -decimetre  tube  the  percentage  of  sugar  is  obtained  by 
multiplying  the  rotation  by  1*4:4. 
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BOOK   IV. 

EXCRETA:   THE  F.^CES  AND   URINE. 


CHAPTER   I. 

THE  FJ£CES. 

Ix  the  faeces  are  contained  the  undigested  parts  of  the  food 
swallowed,  as  well  as  the  different  excreta  of  the  bile  and  in- 
testinal secretions ;  and  accordingly  its  composition  will  vary 
very  much  according  to  the  nature  of  the  diet.  The  colour  of 
the  faeces  also  varies,  being  due  to  the  more  or  less  altered 
biliary  pigments,  but  depending  largely  on  the  nature  of  the 
food,  having  a  dark  brown  colour  with  an  exclusive  meat  diet, 
a  yellowish  brown  with  a  mixed  diet,  and  a  yellow  with  a  milk 
diet.  In  diarrhoea  the  fseces  are  generally  light  in  colour,  and 
in  jaundice  they  may  be  quite  colourless.  The  sme^^  depends 
largely  on  the  indol  and  skatol,  and  to  a  less  degree  on  the 
valerianic  and  butyric  acids  and  the  sulphuretted  hydrogen 
present.  The  reaction  is  neutral  or  alkaline,  though  occa- 
sionally acid,  but  it  depends  greatly  on  the  character  of  the 
food  :  with  an  exclusively  meat  diet  the  acid  reaction  continues 
longer  in  the  small  intestine  than  with  a  vegetable  diet  (Bert). 
ATRonnt, — In  man  the  fseces  form  ^th  to  |th  of  the  fresh 
solid  foods  ingested,  averaging  about  5^  oz.  (Liebig)  ;  or  the  dried 
■faeces  with  a  nitrogenous  diet,  about  y^^^  ^^  tV^^  ^^  ^^®  ^ood 
calculated  in  the  dry  state,  but  about  ^th  to  |th  with  a  bread 
diet  (BisCHOFF  and  VoiT  w^ith  dogs).  The  quicker  the  food 
passes  through  the  intestine  the  greater  is  the  absolute  amount 
of  fieces. 

Chemical  Composition. 

!  General  Covij)onents.     1.  Parts  of  the  Ingesta, — (ci)  Solids  17'4 
to  31*7  per  cent,  and  water  68  to  ^2  per  cent. 
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{h)  Salts. — Chiefly  soluble  salts  of  the  alkaline  earths;  but  in 
diariiioea,  &c.,  also  s;ilts  of  the  alkalies.  When  the  reaction  is 
alkaline  or  neutral  triple  phosphate  is  constantly  present. 

(c)  Portions  of  food  (1)  undigested,  either  from  being  in  excess, 
as  in  the  case  of  starches,  fatty  bodies,  and  crude  albumins;  (2)  iV;i^;er- 
fectly  digested  or  absorbed,  as  fatty  emulsions  or  fatty  acids,  leucin, 
ty rosin,  &c.,  and  occasionally  traces  of  albumin  (these  are  much  in- 
creased in  diarrhoea) ;  (3)  difficult  of  digestion,  as  crude  starches, 
tendons,  elastic  tissue,  earthy  phosphates,  triple  phosphate,  kc.  ;  and 
(4)  non-assimilable,  as  cellulose,  chlorophyll,  gums,  resins,  epitheliums, 
and  insoluble  salts. 

2.  Excreta  of  the  Biliarij  or  Intestinal  Secretions,  as  mucus,  part 
of  the  glycocholic  acid,  and  the  decomposition  products  of  part  of  the 
taurocholic  acid,  as  taurin,  cholic  acid,  and  dyslysin ;  together  with 
the  biliary  pigments,  hydrobilirubin  or  stercobilin,  and  biliverdin, 
cholesterin  or  its  derivative  (?)  stercorin  (Flint),  and  epithelial  cells, 
&c. 

3.  Certain  Decomjyosition  Products,  some  of  doubtful  origin,  but 
more  or  less  characteristic  of  the  fteces,  as  excretin,  indol,  skatol, 
naphthylamine,  and  excretolic  acid  ;  also  some  of  the  higher  fatty 
acids,  as  well  as  acetic,  valerianic,  isobutyric,  and  lactic  acids,  partly 
free,  but  in  great  part  generally  combined  with  ammonia  or  other 
bases.  Diy  distillation  of  the  fa3ces  furnishes  much  ammonia  and  a 
trace  of  trimethylamin. 

I.  Atuilysis  of  the  Fences — with  a  bread  and  animal  diet  (Ber- 

ZELIUS). 

Water 75-3 

Parts  soluble  in  water       .         .         .57 

Bile 0-9 

Albumin 0-9 

Extractives 27 

Salts 1-2 

Insoluble  constituents  .  .  .21-0 
Undigested  food  .  .  .  .  7"0 
Mucus,  fat,  &c.      ....     14'0 

II.  Ditto  (Wehsarg). 


Fluids  . 

•Solids    . 

Ether  extractives 
Alcoholic     „ 
Wateiy        „ 


68-3  to  82-6 
31-7  „  17-4 

11  5 

15-6 

20-0 


I 
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III.  Inorganic  Constituents  (Enderlin). 


Earthy  phosphates . 

.     80-37 

Silica 

.       7-94 

Calcic  sulphate 

.       4-53 

Sodic  phosphate 

.       2-63 

Ferric         „              ... 

.       209 

Sodic  chloride  and  sulphate  . 

.       1-37 

These  vary  from  16  to  57  grams  (4  to  li^  drams)  in  the  24  hours. 

IV.   Ultimate  Percentaje  Composition  loith  a  Meat  and  a  Bread 
Diet. 


Meat  diet 

Faeces 

Bread  diet 

Fasces 

c 

51-95 

43-49 

45-41 

47-.39 

H 

7-18 

6-47 

6-45 

6-59 

N       . 

14-11 

6-50 

2-39 

2-93 

0 

21-37 

13-58 

41-63 

36-08 

Salts  . 

5-39 

30-01 

4-12 

7-02 

v.  The  loss  by  the  fsBces  in  carbonic  acid  and  nitrogen  varies  very 
considerably  according  to  the  food  taken,  thus  (Rubner)  : — ■ 


Carbohy. 

drates  in  the 

food 

Loss  per  cent. 

of  carbonic 

acid  in  the 

faxses 

Nitrogen  in 
the  food 

Loss  per  cent, 
of  nitrogen 
in  the  faeces 

White  bread 
Rice     . 

Potatoes 

391  to  670 
493 

718 

1-4  to  0-8 
0-9 
7-6 

Beef     . 
Milk    . 
White  bread 
Rice     . 
Potatoes 

400  to  48-S 

12-9  „  25-8 

7-7  „  130 

8-4 

11-4 

2-5  to     2-7 

6-5  „  120 

18-7  „  25-7 

251 

32-2 

YI.  Fermentation  changes,  some  of  which  are  closely  allied  to  de- 
composition processes,  undoubtedly  occur  in  the  intestine,  as  proved 
by  the  presence  of  fres  hydrogen  ;  we  find  even  that  chyme  removed 
from  the  body,  but  maintained  at  the  normal  temperature,  continues 
to  evolve  both  carbonic  acid  gas  and  hydrogen. 

As  will  be  seen  by  the  following  table,  the  nature  of  the  diet 
.affects  the  composition  of  the  gases. 

{a)  Small  Intestine  (Planer). 


Bread  diet 

Leguminous  diet 
Per  cent. 

Meat  diet 

Per  cent. 

Per  cent. 

C02  . 

.38-8 

47-3 

40-1 

N.,      . 

54-2 

4-0 

45-5 

H2      . 

6-3 

48-7 

13-9 

0,      .         . 

0-7 

0-0 

0-5 

THE  FMCES. 

(V)  Large  Intestine  (J^hA'STSiR). 
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. 

With  meat  diet 
Per  cent. 

Leguminous  diet 

Per  cent. 

COo    . 

74-2 

65- 1 

H/    .        . 

1-4 

2-9 

H^S    . 

0-8 

N,      .         . 

23fl 

5-9 

(RUGE.) 


Milk  diet 

Leguminous  diet 

Meat  diet 

Per  ceut. 

Per  cent. 

Per  cent. 

CO,    .        . 

16-8 

210 

8-4 

N,      .        . 

38-3 

18-9 

64-4 

CH,    .         . 

0-9 

55-9 

26-4 

H,      .         . 

43-3 

40 

0-7 

SH,    . 

traces 

A  small  part  of  the  carbonic  acid,  and  possibly  the  chief  part  of 
the  nitrogen,  come  from  the  swallowed  air,  the  rest  of  the  nitrogen 
being  derived  probably  from  the  blood  or  from  the  splitting  up  of 
some  of  the  proteids.  Hydrogen  is  evolved  in  the  butyric  acid 
fermentation,  and  most  likely  also  in  some  of  the  proteid  decom- 
positions occurring  in  the  intestine,  Carburetted  hydrogen  has  never 
been  found  in  the  intestinal  gases  of  dogs  or  cats  by  Hofmann. 

The  meconium,  or  the  contents  of  the  intestine  of  the  new-born 
child,  forms  a  dark  greenish  brown,  or  almost  black,  viscid  mass, 
generally  with  an  acid  reaction;  it  contains  biliary  acids  more  or 
less  altered,  bilirubin,  biliverdin,  cholesterin,  and  mucus;  sulphates 
also  are  abundant,  and  calcic  and  magnesic  phosphates,  oxide  of  iron, 
and  sodic  chloride.  White  cells,  generally  gieen-stained,  cylindrical 
epithelial  cells,  intermixed  with  fatty  drops  and  cholesterin  crystals, 
are  likewise  to  be  seen  under  the  microscope.  On  analysis  it  yields 
about  20  to  27  per  cent,  solids,  1  per  cent,  ash,  |  per  cent,  fats,  and 
I  per  cent,  cholesterin  (Zweifel). 

INDOL,   CgHyN   or   CeH^^^fcll.— This  body  belongs  to  the 

aromatic  series,  and  is  one  of  the  products  of  the  putrefaction  of 
albumin.  It  is  soluble  in  boiling  water  and  easily  soluble  in  alcohol 
and  ether.  Formed  in  the  small  intestine,  it  is  in  part  excreted  in  the 
fsecea,  but  part  is  absorbed  and  appears  in  an  oxidised  form  in  the 
urine  as  indoxylsulphuric  acid  or  indican  (Cf,H7NS04). 

Preparation. — Place  in  a  large  Hask  300  grams  albumin  with 
45  litres  of  water  ;  add  to  this  300  grams  finely  divided  ox  pancreas, 
and   digest  the  whole  over  a  water  bath  at  40°  to  45°  for  70  hours 

1)  I)  2 
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continnouslj.  Then  strain  through  linen,  acidify  with  acetic  acid, 
and  distil  in  a  tubulated  retort  over  a  sand  bath  to  one-fourth  the 
volume  of  the  liquid.  The  filtered  distillate  is  next  to  be  rendered 
alkaline  with  liquor  potassse  and  well  shaken  with  its  own  volume  of 
ether,  and  the  ether  decanted.  On  distilling  the  ethereal  extract  an 
oily  substance  remains  behind,  to  which  a  little  water  is  to  be  added , 
it  is  then  boiled  and  allowed  to  crystallise. 

Properties. — It  forms  large,  pearly,  coloui-less  crystals,  soluble  in 
boiling  water  and  in  alcohol  and  ether.  The  dilute  solution  on  the 
addition  of  chromic  acid  gives  a  voluminous,  dark  violet  brown 
precipitate  which  is  insoluble  in  ether,  chloroform,  and  benzol,  but 
easily  soluble  in  hydrochloric  acid,  forming  a  violet  solution.  If  to  a 
solution  of  indol  in  benzol  picric  acid  is  added,  needles  of  indol 
picrate  are  formed.  Under  the  action  of  ozone  a  portion  is  converted 
into  indigo  blue. 

SKATOL  is  a  constant  constituent  of  the  faeces  (Brieger),  and 
appears  as  a  putrefaction  product  of  albumin.  It  can  he  obtained  by 
extracting  fresh  fseces  with  the  third  of  its  weight  of  water,  acidifying 
with  acetic  acid  (30  grams  to  each  kilo,  of  faeces),  and  distilling  off  most 
of  the  added  water.  This  distillate  is  heated  with  sodic  carbonate  and 
well  shaken  with  ether;  the  ethereal  extract  is  evaporated  and  the 
residue  boiled  in  some  water.  From  the  hot  filtrate  almost  piu-e 
skatol  crystallises  out  in  delicate  plates  that  have  a  well-marked  faecal 
odour. 

Treated  with  a  drop  of  hot,  fuming  nitric  acid,  it  gives  no  red 
precipitate  like  indol,  but  a  whitish  cloudy  one  ;  and  from  its  hydro- 
chloric acid  solution  it  is  tlirown  down  by  the  addition  of  picric  acid 
in  the  form  of  red  needles. 

EXCEETIN,  CooHae^  (Hinterberger),  is  a  cholesterin-like 
body  that  exists  in  faeces  in  very  small  amount. 

It  is  iirepared  by  exhausting  fresh  faeces  with  boiling  alcohol 
(90  p^r  cent.),  filtering  after  a  week,  and  precipitating  the  filtrate 
with  milk  of  lime.  The  precipitate  is  dried  and  exhausted  with  a 
hot  mixture  of  alcohol  and  ether  ;  the  extract,  after  several  days, 
deposits  yellow  crystalline  needles  of  excretin,  which  can  be  purified 
by  recrystallising  them  from  alcohol  (95  per  cent.) 

Pathology. — Different  abnormal  constituents  may  be  met 
with  in  the  fieces,  chiefly  abnormal,  however,  from  being  in 
excess. 

Albumin  and  mucus  occur  in  the  evacuations  of  cholera,  typhoid 
fever,  and  dysentery,  the  mucus  increasing  particularly  in  catarrh  of 
the  intestinal  tract  and  in  haemorrhagic  affections. 
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BiU  m<ay  be  absent  in  jaundice,  &c.,  causing  the  faeces  to  have  a 
light  colour;  or  it  may  be  present  in  excess,  and  more  or  less  un- 
altered, as  in  some  forms  of  diarrhoea. 

Blood  and  pus  appear  in  dysentery,  and  occasionally  in  typhoid 
fever  and  cholera. 

Epithelium  is  greatly  increased  in  the  evacuations  of  cholera  and 
dysentery. 

Fats  show  themselves  in  disease  of  the  pancreas,  obstruction  to 
the  flow  of  bile,-  and  in  different  cachexias,  as  phthisis,  kc. 

Leucin  and  tyrosin  can  be  detected  in  cholera  evacuations. 

The  salts  are  increased  in  intestinal  fluxes  of  different  kinds. 

Urea  ami  alloxan  are  abundant  in  intestinal  catarrh,  ursemia, 
and  some  of  the  eru])tive  fevers.  The  urea,  unless  rapidly  discharged, 
is  decomposed  into  ammonic  carbonate. 

Microjjhijtes,  such  as  vibrios,  zooglea,  sarciufe,  &c.,  are  met  with 
in  diff'erent  morbid  conditions. 

The  administration  of  calomel  and  certain  ferruginous  mineral 
waters  may  render  the  faeces  of  a  gi-een  colour ;  the  faeces  may  like- 
wise assume  a  black  tint  from  the  presence  of  altered  blood  or  under 
the  influence  of  salts  of  iron. 

Intestinal  concretions  are  occasionally  met  with,  particularly  in 
the  colon  of  herbivora,  rarely,  however,  of  man.  In  horses  they 
often  attain  a  large  size.  They  consist  generally  in  great  part  of 
earthy  phosphates,  but  sometimes  chiefly  of  fatty  matters^  and  occa- 
sionally of  insoluble  animal  matters,  as  hairs,  or  of  vegetable  fibres. 
The  term  hezoar  has  been  applied  to  these  intestinal  concretions.  In 
some  animals  two  of  the  components  are  peculiar,  and  have  been 
described  as  lithofellic  (C2oH3(j04)  and  hezoardic  (0,4HgOg  +  2H20) 

from  a 


I 


being  a  tannin 

derivative. 

A  concretion 

31  position  : — 

Per  cent. 

Triple  phosphate 

900 

Organic  constituent  s . 

3-2 

Silica 

5-2 

Earthy  salts 

4-2 

Oxide  of  iron      . 

10 

Rodic  chloride    . 

0-5 

Sulphuric  acid  . 

0-5 

Soda  . 

0-4 

Lime  . 

0-2 

Phosphoric  acid 

0-2 

Scjjhalce  consist  of  masses  of  mucus  mixed  with  excrement  and 


forming  nodosities. 
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CHAPTER    ir. 
THE   URINE. 

General  Characters. — Normal  urine  has  a  pale  straw  yellow 
or  amber  tint,  and  is  acid,  clear,  and  limpid  when  passed,  but 
after  some  time  deposits  traces  of  mucus  mixed  with  epithelial 
cells  (the  mucous  cloud)  ;  its  temperature  after  emission  varies 
between  35°  and  37"^,  this  of  course  depending  on  the  tem- 
perature of  the  body,  as  in  such  diseases  as  scarlatina  and  the 
cold  stage  of  intermittent  fever  it  is  much  above  the  normal. 
When  shaken  a  slight  foam  forms  on  the  surface,  but  this 
quickly  disappears  unless  much  sugar  or  albumin  is  present, 
when  the  foam  is  more  permanent.  After  some  24  hours  or  so 
there  is  often  a  deposit  containing  uric  acid,  partly  in  an 
amorphous  and  partly  in  a  crystalline  form,  and  sometimes  also 
crystals  of  oxalate  of  lime,  &c. 

A.  Reaction. — This  is  normally  acid,  though  some  urines  show 
what  is  termed  the  amphoteric  reaction,  giving  both  the  acid  and 
alkaline  reactions  to  test  paper,  owing  probably  to  the  presence  of 
acid  phosphate  of  soda ;  but  the  acidity  diminishes  after  the  urine  has 
stood  some  considerable  time,  although  a  temporary  increase  in  the 
acidity  first  ocfi»aee^^^=i\\e,  so  called  acid  ferrmntation  of  Scherer.  A 
neutral  or  ^photerie  and  then  an  alkaline  stage  is  reached  after 
some  days  or  even  weeks  have  passed  {cdkaline  fermentation),  when 
the  urine  loses  its  transparency,  acquires  an  ammoniacal  odour,  and  a 
deposit  occurs  o^  triple  phosphate  (Mg]SrH4P04  +  6H2O)  and  urate  of 
ammonia  (C5H2(NH:^)2N403),  together  with  bacteria  in  great 
numbers,  its  surface  also  being  covered  with  an  iridescent  film  in 
which  lie  crystals  of  triple  phosphate.  During  this  stage  part  of  the 
urea  decomposes  into  ammonic  carbonate,  some  of  which  combines  witli 
uric  acid  and  some  taking  part  in  the  formation  of  triple  phosphate. 
This  fermentation  change  in  the  urine  depends,  no  doubt,  in  part  on 
the  presence  of  bacteria  together  with  much  mucus.  Accordingly,  if 
urine  has  to  be  kept  some  time  before  being  exjimined  it  is  advisable 
to  preserve  it  in  well-stoppered  clean  bottles,  and  some  advise  also  the 
addition  of  a  little  salicylic  acid,  thymol,  or  hydrochloric  acid.  The 
presence,  however,  of  cystin  or  of  much  pus  or  mucus  induces  rapid 
fermentation. 
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The  temporary  increase  in  the  acidity,  according  to  Rohmann,  occurs 
only  in  exceptional  cases,  depending  then  probably  on  the  presence  of 
sugar,  alcohol,  or  otlier  bodies  yielding  acids  by  fermentation. 

The  acidity,  according  to  Liebig,  is  due  to  the  presence  of  the 
acid  phosphates  of  soda  and  potash  (NaH2P04  and  KH2PO4) ; 
probably  also  the  acidity  may  be  due  in  part  to  the  acid  urates  and  to 
the  free  carbonic,  uric,  and  hippuric  acids  present  (Byasson),  although 
little  or  no  free  acid  can  be  detected  by  sodic  hyposulphite. 

Sometimes  after  a  large  meal  the  acid  reaction  of  the  urine  is 
lessened,  and  it  may  even  become  distinctly  alkaline.  The  reactio7i, 
indeed,  is  closely  related  to  the  digestion  0/  food  (Bence  Jones),  an 
alkaline  tide,  as  Dr.  Roberts  terms  it,  setting  in  after  meals, 
whether  of  animal  or  vegetable  food,  appearing  sooner  after  break- 
fast than  dinner,  but  not  being  so  intense  nor  lasting  so  long  as 
after  the  latter  meal.  In  the  third  and  fourth  hour  after  dinner  the 
reaction  is  generally  alkaline,  and  the  urine  is  rich  in  alkaline  and 
earthy  phosphates.  But  the  ultimate  effect  of  food,  particularly 
animal  food,  is  temporarily  to  increase  the  acidity.  To  detect  the 
alterations  in  the  acidity  the  urine  should  be  voided  at  frequent 
intervals  after  the  meals  and  tested  at  once.  The  change  in  the 
reaction  is  probably  due  to  the  abundant  formation  of  hydrochloric 
acid  in  the  stomach  during  digestion,  and  to  the  entrance  of  the 
alkaline  bases  of  the  food  into  the  blood  at  the  same  time.  In  the 
formation  of  the  acid,  basic  sodic  phosphate  is  formed, 

NaCl  +  ]Sra2HP04=HCl  +Na3P04, 

which  is  eliminated  by  the  kidneys,  rendering  the  urine  neutral  or 
alkaline. 

The  maximum  of  acidity  is  during  the  night.  In  new-born 
children  the  urine  has  normally  a  netitral,  or  exceptionally  a  weakly 
acid  reaction.  Alkaline  urine  is  generally  clear  when  emitted,  but 
it  soon  becomes  covered  with  a  pellicle  containing  crystals  of  calcic 
phosphate,  and  triple  phosphate  crystals  are  abundant  in  the  deposit. 

Yogel  regards  the  amount  of  acidity  of  the  total  urine  of  the 
24  hours  as  equivalent  to  2  to  4  grams  of  oxalic  acid.  Keener  as 
equivalent  to  1949  gram.  The  mean  total  acidity  would  be 
neutralised  by  15  gram  sodic  hydrate  (Rayer). 

The  urine  of  carnivora  is  generally  clear,  and  strongly  acid  and  of 
high  sp.  gravity,  while  that  of  herbivora  is  alkaline,  of  low  sp.  gravity, 
and  often  turbid  from  the  presence  of  phosphates  and  carbonates. 

The  degree  of  acidity,  we  have  seen,  varies  somewhat  with  the 
digestion.  With  a  flesh  diet  it  is  very  acid,  during  starvation  only 
weakly  so.    Strong  muscular  exercise  increases  it  (Kluppel),  as  also 
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the  administration  of  mineral  acids.  In  febrile  conditions  an  increased 
acidity  occurs,  particularly  at  the  beginning  of  such  severe  fevers  as 
typhus  and  rheumatism,  the  total  volume  of  the  ru'ine,  however, 
being  diminished  at  the  same  time ;  also  after  asthmatic  attacks  in 
emphysema,  and  in  pneumonia  and  pleurisy.  The  urine  is  alkalme, 
or  less  acid  J  after  the  use  of  hot  baths  or  of  prolonged  cold  baths 
(DuRiAu);  after  profuse  acid  sweating;  after  the  copious  ingestion 
of  vegetable  acids  or  their  salts,  as  alkaline  carbonates,  tartrates,  &c  , 
in  vegetable  food;  in  decomposition  of  urine  in  the  bladder  from 
retention  occurring  in  old-standing  disease  of  that  organ ;  occasion- 
ally ia  nervous  debility,  in  some  forms  of  cerebral  disturbance, 
chlorosis,  anaemia,  general  debility,  abundant  acid  vomiting,  and  in 
certain  ansemic  conditions  occurring  in  the  beginning  of  convalescence 
after  many  diseases.  In  these  last  the  alkalinity  is  due  to  a  fixed 
alkali,  and  may  be  associated  with  a  deposit  of  amorphous  phos])hate 
of  lime.  But  the  urine  may  be  alkaline  from  the  presence  of  anuno- 
niacal  salts,  as  in  the  more  or  less  decomposed  urines  occurring  in 
pyelitis  and  cystitis,  or  where  there  is  a  tendency  to  retention  of  the 
urine,  as  in  paraplegia,  foreign  bodies  or  new  growths  in  the  bladder, 
stricture  or  obstruction  of  the  urethra,  kc.  As  a  general  rule  the 
urine  is  not  alkaline  when  secreted,  but  becomes  alkaline  in  the 
bladder  as  the  result  of  a  decomposition  of  its  urea.  Such  urine 
always  deposits  a  sediment,  generally  of  phosphate  of  lime  and  triple 
phosphate,  and  its  odour  is  ammoniacal  and  often  offensive. 

It  is  easier  to  render  the  urine  alkaline  than  to  increase  its  acidity. 

To  Estimate  the  xicidity. — This  can  be  effected  approximately  by 
titrating  the  urine  with  a  normal  solution  of  caustic  soda,  which  is 
prepared  by  dissolving  the  equivalent  weight  in  grams  (NaHO  =  40) 
of  this  body  in  a  litre  of  water ;  accordingly  each  c.c.  =  40  milligrams  or 
0-04  gram.  In  the  same  way  a  normal  solution  of  oxalic  acid 
(C2H204-f2H20  =  126)  will  contain  63  grams  in  the  litre— that  is, 
half  the  equivalent,  as  the  acid  is  dibasic. 

As  we  cannot  prepare  the  caustic  soda  solution  directly  by 
weighing,  owing  to  the  varying  amount  of  water  present  in  it,  we  have 
recourse  to  titrating  a  solution  of  it  by  means  of  a  standard  normal 
solution  of  such  an  acid  as  the  oxalic.  The  latter  is  first  prepared  by 
dissolving  03  grams  of  pure,  well  crystallised,  and  thoroughly  air- 
dried  oxalic  acid  in  1,000  c.c.  water.  The  150  to  155  grams  NaHO 
arc  weighed  and  dissolved  in  about  1,050  c.c.  water  and  well  shaken 
up.  The  indicator  has  next  to  be  got  ready.  A  solution  of  litmus 
can  be  employed  for  this  purpose,  but  a  solution  of  cochineal  or  of 
rosolic  acid  acts  better.     The  rosolic  acid  is  added  to  alcohol  until  a 
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strong  orange  solution  is  obtained  ;  a  couple  of  drops  of  this  is  added 
to  the  solution  to-be  titrated.  The  cochineal  solutioit  is  prepared  by 
digesting  3  grams  powdered  cochineal  in  250  c.c.  of  a  mixture  of 
water  (4)  and  alcohol  (1).  Its  natural  colour  is  yellowish  red,  and 
it  is  rendered  violet  by  alkalies  and  restored  to  its  original  colour  by 
acids. 

1.  Preparation  of  the  Normal  Caustic  Soda. — 10  c.c.  of  the 
normal  oxalic  acid  solution  are  placed  in  a  small  beaker,  a  few  drops 
of  the  rosolic  acid  poured  in,  and  then  the  caustic  soda  slowly  added 
from  a  graduated  burette  until  the  yellow  passes  into  a  red  or  rosy 
colour.  The  experiment  should  be  performed  at  least  three  times,  and 
the  mean  taken.  Suppose  that  to  saturate  the  acid  9-1  c.c.  of  the 
soda  solution  are  required,  then  to  every  9"1  c.c.  0*9  c.c.  water  is  to 
be  added,  so  as  to  obtain  a  solution  of  which  1  c.c.  will  correspond  to 
1  c.c.  of  the  acid.     Therefore  to  1,000  c.c.    caustic   soda   solution 

/'^i^'^J^i^*i=989^    98-9   c.c.    water   must  be  added.     The    chief 

complication  to  which  this  process  is  subject  is  due  to  the  presence  of 
carbonic  acid  in  the  caustic  soda,  as  this  acid  when  evolved  affects 
the  indicator.  Accordingly,  to  avoid  this  it  is  recommended  to  add 
at  first  only  as  much  soda  as  to  i-ender  the  solution  colourless,  then 
to  boil  so  as  to  expel  the  carbonic  acid,  after  which  the  titration  is  to 
be  proceeded  with  in  the  usual  way. 

2.  Determination  of  the  Acidity  of  Urine. — Take  100  c.c.  of  the 
nrine  and  add  to  it  from  a  graduated  burette  the  normal  soda 
solution  (1  c.c.  =  0063  oxalic  acid\  which  had  best  be  diluted  with 
water  to  one-tenth  its  strength  (1  c.c.  =  0-0063  oxalic  acid).  From 
time  to  time,  after  stirring  the  fluid  with  a  glass  rod,  narrow  slips  of 
red  litmus  paper  are  introduced,  and  the  addition  of  the  caustic  soda 
continued  until  the  litmus  paper  begins  to  turn  blue.  Or  violet 
litmus  paper  may  be  streaked  with  a  thin  glass  rod  moistened  with 
the  mixture,  and  the  addition  continued  until  no  change  of  colour  is 
produced. 

If,  say,  13  c.c.  of  the  dihited  soda  solution  were  required,  then  the 
acidity  of  the  100  c.c.  urine  is  13  x  00063=0-0819  ;  and  for  the  total 
\irine  of  the  24  hours— say  1,500  c.c. — the  acidity  expressed  as  oxalic 
acid  is  therefore  equal  to  1*2185  gram. 

The  presence  of  the  acid  phosphate  of  soda  in  the  urine,  it  should 
be  remembered,  renders  the  result  merely  approximative. 

B.  Colour. — Normal  urine  possesses  a  clear  amber  yellow  colour, 
that  passed  in  the  morning  being  generally  darkest  in  tint.  Th^ 
colour  deepens  as  the  urine  stands,  and  depends  on  the  nature  of  the 
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food,  and  in  part  on  the  age  and  character  of  the  individual.  In 
very  young  children  the  tint  is  very  slight,  and  the  larger  the 
quantity  passed  in  adults  the  paler  it  becomes.  It  is  pale  in  colour, 
as  in  the  urina  j^otiis  of  health,  in  ansemia,  chlorosis,  and  diabetes, 
and  in  the  reconvalescence  after  severe  acute  affections.  It  is  very 
rich  in  colour  in  acute  fevers,  just  as  is  seen  normally  in  the  urina 
chyli  of  health  and  after  profuse  sweating  with  little  ingestion  of 
w^ater.  The  presence  of  bile  pigments  imparts  a  brownish  coloration 
accompanied  by  a  greenish  tint,  that  of  blood  or  its  pigments  a 
reddish  coloration  ;  in  chyluria  it  is  yellowish  white,  and  in  melanotic 
cancer  greenish  yellow,  turning  to  a  dark  brown  or  black.  Some- 
times the  surface  presents  a  blue  colour,  from  the  presence  of  indigo. 
Certain  drugs  and  vegetables  likewise  affect  the  colour ;  thus  the 
urine  is  blackish  after  phenol,  dark  also  after  gallic  acid,  brownish 
yellow  after  santonin,  intensely  yellow  after  chrysophanic  acid, 
rhubarb  (changed  to  red  by  ammonia),  senna,  logwood,  madder,  beet 
root,  and  bilberries.  The  coloration  by  these  vegetable  pigments 
is  changed  to  a  blood  red  by  alkalies,  and  the  yellow  tint  restored  by 
acids. 

To  remove  the  colour  of  urine  it  may  be  filtered  through  animal 
charcoal,  or  precipitated  with  basic  lead  acetate  or  milk  of  lime,  or 
digested  with  zinc  and  hydrochloric  acid. 

C.  Transparency. — Normal  urine  is  always  clear,  but  occasionally, 
and  particularly  in  abnormal  conditions,  it  is  turbid.  For  the  first 
four  or  five  days  after  birth  a  child's  urine  is  somewhat  turbid,  owing 
to  epithelium,  mucus  corpuscles,  urates,  and  occasionally  oxalate  of 
lime.  Urine  may  be  turbid  when  passed,  and  this  indicates  an  excess 
of  mucus,  or  the  presence  of  renal  epithelium,  pus,  blood,  chyle, 
semen,  bile,  or  phosphate  or  urate  of  soda  in  excess,  &c.  A  turbidity 
shortly  subsequent  to  the  passage  of  the  urine  is  generally  the  result 
of  the  precipitation  of  phosphates  or  urates,  or  it  may  result  from 
fermentation  or  decomposition.  But  even  normally  a  turbidity  may 
show  itself  some  hours  after  the  urine  has  been  passed. 

D.  Quantity.— In  the  24  hours  1,500  to  1,700  c.c.  (about  52i  to 
59J  oz.),  increasing  with  general  functional  activity  and  diminishing 
during  sleep.  It  may  be  increased  to  2,000  or  even  3,000  c.c.  when 
much  fluid  has  been  ingested,  or  it  may  sink  to  800  or  900  c.c. 
Women  also  secrete,  as  a  rule,  less  than  men.  The  amount  depends 
considerably  on  the  blood  pressure  in  the  kidneys.  This,  we  know, 
is  raised  by  increased  force  and  frequency  of  the  heart's  beat,  and  by 
constriction  of  the  vessels  supplying  other  parts  of  the  body,  as  the 
skin,  particularly  if  accompanied  by  a  relaxation  of  the  renal  artery; 


THE   URINE.  411 

while  it  is  diminished  by  a  lowering  of  the  general  blood  pressure 
either  from  diminished  cardiac  activity  or  by  a  dilatation  of  other 
vascular  areie  of  the  body. 

Section  of  the  spinal  cord  below  the  medulla  leads  to  an  arrest  of 
the  secretion  by  causing  a  general  vascular  dilatation ;  irritation  of 
the  spinal  cord  effects  the  same  thing,  but  by  causing  a  general  con- 
striction of  the  vessels,  the  renal  arteries  included.  Section  of  the 
renal  nerves  likewise  leads  to  polyuria,  also  section  of  the  splanchnics, 
but  to  a  less  extent,  possibly  through  division  of  the  vasomotor 
nerves  of  the  kidney ;  while  stimulation  of  the  splanchnics  arrests 
the  flow  (after  Foster). 

Different  names  have  been  given  to  the  urine  voided  at  different 
times  of  the  24  hours.  Thus  urinci  potus  is  that  passed  after  much 
fluid  has  been  drunk,  as  in  summer  ;  it  is  pale  in  colour  and  of  low 
sp.  gravity.  The  urina  cibi  is  that  excreted  soon  after  a  meal ;  it  is 
darker  in  colour  and  of  high  sp.  gravity.  The  urina  sanguinis  is 
that  formed  during  the  night  and  voided  in  the  morning. 

The  quantity  is  affected  by  the  food  and  fluids  ingested,  and  by 
the  secretive  energy  of  the  skin  and  lungs,  being  always  increased 
after  meals  and  nervous  activity,  and  diminished  by  sleep.  The 
influence  of  age  is  considerable.  At  the  end  of  the  first  month  the 
daily  excretion  of  urine  is  about  200  to  300  c.c,  and  from  three  to 
five  years  a«mean  of  750  c.c.  in  boys  and  of  700  c.c.  in  girls.  While 
in  the  child  (from  three  to  seven  years)  the  amount  of  urine  in  the 
24  hours  for  each  kilo.  (2*2  lbs.)  of  body  weight  averages  about  59  c.c, 
in  middle  age  (30  to  60  years)  a  healthy  adult  drinking  abund- 
antly of  fluids  only  secretes  about  24  c.c.  per  kilo. ;  that  is,  the 
activity  of  the  secretion  is  alx)ut  2*5  times  greater  in  the  early 
period. 

Urine  of  Children  (Schabanowa). 


Age 

Quantity 

Sp.gr. 

2    to    4  years . 

.      175  oz. 

1011 

5     „     9      „     .         . 

.     36-5  „ 

1013 

0     „  13      „     . 

.     50-5  „ 

1012 

In  certain  conditions  the  urine  is  greatly  increased  in  amount, 
constituting  polyuria,  which  is  present  in  diabetes  insipidus  and 
mellitus,  in  granular  contracted  kidney  with  cardiac  hypertrophy,  in 
the  early  stages  of  waxy  kidney,  and  it  may  occur  after  the  absorption 
of  oidematous  fluids  or  exudations,  in  the  convalescence  of  fevers 
(epicritical  j)olyuria),  and  in  certain  disturbances  and  alterations  of 
the  nerve  centres,  as  in  cases  of  hysteria,  chorea,  epilepsy,  &c.  On 
the  other  hand  it  is  dlnvbiished,  or  even  occasionally  absent  {anuria, 
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oliguria),  in  cases  of  weakened  heart  action  from  degeneration,  or  in 
valvular  disease  leading  to  passive  congestion  of  the  kidney ;  in 
emphysema,  kc,  of  the  lung  in  which  the  circulation  is  retarded; 
also  in  all  acute  inflammatory  processes,  profuse  sweating,  &c.,  and 
cases  where  there  is  excessive  discharge  of  water  by  the  intestine,  as 
in  diarrhoea,  enteritis,  and  cholera.  Further,  a  diminution  has  been 
noted  in  the  following  :  leiid  poisoning ;  eclampsia  parturieiitium, 
depending  on  sj)asm  of  the  renal  arteries  (Cohnheim)  ;  mechanical 
compression  or  closure  of  the  ureter ;  Ulling  up  of  the  renal  tubes 
with  casts,  kc,  as  in  nephritis,  a  diminution  being  present  in  the  last 
stage  of  all  forms  of  Bright's  disease;  during  the  collapse  of  cholera, 
and  in  cirrhosis  of  the  liver. 

It  should  be  remembered  that  for  accurate  quantitative  analijses 
the  whole  urine  passed  in  the  24  hours  must  be  preserved  in  the 
same  vessel,  and  a  specimen  of  this  used ;  for  the  amount  passed,  say 
in  an  hour,  cannot  be  taken  as  a  guide,  as  normally  in  one  hour 
only  20  c.c.  may  be  secreted,  and  in  another  hour  as  much  as  200  c.c. 
Further,  in  noting  the  total  quantity  of  urine  in  the  day,  the  amount 
of  fluids  ingested  should  be  recorded,  as  well  as  the  presence  of 
fluxes  from  the  skin  or  bowels. 

E.  Specific  Gravity. — It  is  of  more  importance  to  ascertain  the 
sp.  gravity  of  the  total  urine  passed  in  the  24  hours  than  of  a  portion 
of  it  passed  at  any  one  act  of  micturition.  As  the  sp.  gravity  depends 
on  the  amount  of  solids  present,  a  high  sp.  gravity  indicates  a  large 
percentage  of  solids.  Indeed,  an  approximation  to  the  solids  present 
may  be  made  by  multiplying  the  last  two  numbers  of  the  sp.  gravity 
by  2-33.  Thus  a  urine  having  a  sp.  gravity  of  1018  would  contain 
(18  X  2-33  ==  41-94)  41-94  grams  of  solids  in  the  1,000  parts.  Fairly 
accurate  results  will  be  obtained  by  substituting  2  for  2  33,  as, 
besides  being  easier  to  use  and  remember,  it  is  a  mean  of  the  difterent 
numbers  that  have  been  proposed  for  the  purpose.  But  there  are 
cases  where  the  results  thus  obtained  are  very  erroneous,  and  accord- 
ingly if  a  correct  estimate  is  required  the  solids  obtained  by  evapo- 
rating a  certain  volume  of  the  urine  should  be  weighed. 

Variations. — Copious  ingestion  of  fluid  lovmrs  it  greatly,  niul 
much  vomiting  and  purging  may  not  only  lessen  the  amount  of 
urine  but  also  its  sp.  gravity.  After  attacks  of  hysteria  it  may  be 
temporarily  as  ^ow  as  1003.  A  low  sp.  gravity  generally  indicates  a 
deficiency  in  the  excretion  of  the  waste  jnoducts,  as  in  hydra^mia, 
anaemia,  and  chloiosis ;  albuminous  urine  also  is  generally  of  low 
sp.  gravity,  1010  to  1012,  A  child  of  a  month  old  has  a  urine  with 
a  sp.  gravity  often  as  low  as  1003,     At  birth  it  is  about  1010;  then 
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it  sinks,  so  that  about  the  tenth  day  it  may  be  1002,  when  it 
gradually  begins  tx)  rise  again.  With  the  same  individual  also  the 
proportion  of  solids  may  vary  normally  as  much  as  one-third  more  or 
less  from  day  to  day. 

The  sp.  gravity  is  generally  raised  when  the  urinary  secretion  is 
lessened,  as  in  fevers,  but  the  contrary  is  the  case  in  polyuria.  In 
most  chronic  diseases  the  solids  are 
diminished  and  the  specific  gravity 
lowered.  In  tlie  acme  of  acute  in- 
flammatory processes,  while  the  total 
solids  may  be  only  40  grams  in  the 
24  hours,  yet,  on  account  of  the  les- 
sened excretion  of  water,  the  sp.  gravity 
is  higher  than  normal.  It  is  also 
raised  in  the  scanty  urine  of  acute 
renal  dropsy.  An  increased  sp. 
gravity  with  an  increased  excretion 
of  urine  should  be  regarded  with  sus- 
picion, being  generally  associated  with 
diabetes,  in  which  disease  it  is  often 
as  high  as  1040  to  1050.  With  ex- 
cess of  urea  it  may  rise  to  1030  or 


\ 


even  higher.  Little  urine  ivith  in- 
creased sp.  (jravity  indicates  diminished 
secretion,  other  watery  effusions,  or 
the  presence  of  some  morbid  process; 
much  urine  icith  a  low  sp.  gravity, 
abundant  ingestion  of  water  or  absorp- 
tion of  exudations  or  effusions,  also 
some  forms  of  diseased  kidney ;  little 
urine  with  a  low  s]}.  gravity,  uraemia 
and  some  forms  of  Blight's  disease, 
particularly  in  the  later  stages ;  and 
quantity  much  increased  with  a  high 
sj).  gravity,  diabetes. 

To  Take  the  Specific  Gravity. — 
This  is  usually  done  by  means  of 
the  urinometer.  The  urine  is  poured  into  a  long,  narrow,  cylindrical 
glass  and  the  urinometer  inserted.  The  latter  should  be  made  to 
sink  slowly  into  the  urine,  and  when  it  has  come  to  rest  read  off  at 
the  level  of  the  fluid.  The  cylinder  must  be  suflBciently  wide  to 
permit  of  the  urinometer  floating  freely  without  touching  ;  and  before 
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the  urinometer  is  inserted  it  should  be  carefully  dried  if  necessar}-, 
and  if  any  particles  of  air  adhere  to  it  while  in  the  urine,  these  are  to 
be  wiped  away  with  a  feather ;  any  froth  also  on  the  surface  of  the 
urine  is  to  be  previously  removed  with  a  slip  of  filter  paper.  The 
temperature  of  the  urine  should  be  about  15°,  as  the  urinometer  is 
generally  constructed  to  give  accurate  indications  at  this  temperature  : 
if  below  this  point  the  sp.  gravity  obtained  is  too  high  by  about  0*1° 
for  each  degree  down  to  7°  ;  and  too  low,  above  15°,  by  an  average  of 
0*1°  for  each  degi-ee  up  to  18°,  and  from  that  to  25°  by  an  average  of 
0*2°  for  each  degree. 

If  the  urine  is  in  too  small  quantity  to  admit  the  use  of  the 
urinometer,  sp.  gravity  beads  or  bottles  may  be  employed. 

To  obtain  accurately  the  amount  of  solids  is  a  difficult  operation, 
owing  to  the  hygroscopic  character  of  the  residue  and  to  the  de- 
composition of  the  urea  present  in  it  when  suffi^ciently  heated  to  expel 
all  the  moisture.  One  of  the  following  plans  may  be  adopted : 
(1)  Evaporate  5  c.c.  in  a  small  weighed  platinum  capsule  over  a 
water  bath,  and  weigh  the  residue  after  it  has  been  dried  for  some 
time  in  an  air  bath  at  115°  and  then  cooled  over  sulphuric  acid. 
Only  a  roughly  approximative  estimate  is  thus  obtained.  (2)  Remove 
5  c.c.  of  the  urine  with  a  pipette,  and  evaporate  it  in  the  receiver  of 
an  air  pump  in  a  weighed  capsule  placed  over  a  dish  containing 
strong  sulphuiic  acid.  Leave  for  24  hours  in  vacuo,  then  weigh; 
and  the  weighing  may  be  repeated  after  another  24  hours  over  fresh 
sulphuric  acid  in  the  exhausted  receiver. 

(3)  To  obtain  the  ash  50  c.c.  urine  are  evaporated  to  dryness  in  a 
weighed  platinum  crucible  over  a  water  bath,  and  then  carefully 
heated  in  the  flame  of  a  Bunsen  burner.  Add  a  little  water  to  the 
capsule  when  cool,  then  warm  it  and  throw  the  contents  upon  a 
small  filter  that  has  been  previously  treated  with  hydrochloric  acid 
and  well  washed ;  repeat  the  washing  of  the  capsule,  filter,  and 
collect  the  filtrate  and  washings.  The  filter  and  its  contents  are  next 
to  be  heated  to  dryness,  and  the  dry  filter  exposed  to  a  red  heat  in  a 
platinum  capsule.  The  ash  will  soon  Ix)  reduced  to  whiteness,  as  the 
alkali  salts,  which  hinder  the  burning  of  the  carbon,  have  been  re- 
moved by  the  washing.  The  filtrate  and  the  washings  are  now  to  be 
added  to  the  same  capsule  and  to  be  evaporated  to  dryness  ;  the  dry 
residue  is  finally  heated  to  redness,  allowed  to  cool  in  an  exhausted 
receiver  over  sulphuric  acid,  and  weighed. 

The  ratio  of  the  mineral  to  the  organic  residue  varies  somewhat, 
but  in  healthy  urine  it  is  generally  in  the  proportion  of  1  to  1-2  or 
1-7,  while  in  abnormal  urine  the  ratio  may  be  1  to  2,  2-5,  or  4;  that 
is,  there  is  a  higher  proportion  of  organic  matter  (Wanklyn). 
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F.  Odour. — Fresh  urine  has  a  faintly  aromatic  smell,  which  soon, 
however,  disappears ;  it  becomes  ammoniacal  when  the  urine  decom- 
poses. Its  characteristic  odour  may  be  altered  by  the  ingestion  of 
certain  foods,  as  hare,  asparagus,  garlic,  turpentine,  saffron,  balsam 
copaiba,  cubebs,  assafcetida,  valerian,  kc. 


CHAPTER   III. 

CONSTITUENTS   OF   URINE. 


The  secretion  of  urine  is  a  double  process,  partly  filtration  and 
partly  excretion,  this  last  being  less  dependent  than  the  former 
upon  alterations  in  the  blood  pressure.  By  filtration,  which 
occurs  chiefly  in  the  Malpighian  capsules  of  the  kidney,  the 
bulk  of  the  water  and  of  certain  soluble  bodies  are  eliminated  ; 
and  by  excretion  the  great  proportion  of  the  solids  with  only  a 
small  part  of  the  water  in  the  tubules  by  means  of  their  epi- 
thelial investment,  this  last  process  being  greatly  dependent  on 
the  stimulating  presence  of  certain  bodies  in  the  blood,  such  as 
urea,  &c. 

The  urine  is  the  chief  means  by  which  the  decomposition 
products  of  the  albumins  are  excreted.  The  members  of  the 
aromatic  series  present  in  it  can  all  be  traced  back  to  this 
source.  The  sulphur  of  the  albumin  is  probably  in  part  oxidised, 
and  gives  origin  to  some  of  the  combined  sulphuric  acid  of  the 
urine.  Traces  also  of  the  decomposition  products  of  the  lecithin, 
nuclein,  and  glycerin  phosphoric  acid  of  the  nerve  substance 
show  themselves :  probably  part  of  the  phosphoric  acid  of  the 
urine  is  thus  derived.  In  addition  there  are  traces  of  the 
decomposition  products  of  the  carbohydrates  and  of  sugar  itself. 
Elsewhere  reference  will  be  made  in  more  detail  to  the  origin 
of  the  different  urinary  constituents,  and  it  will  be  seen  that 
the  true  function  of  the  kidneys  is  chiefly  excretory — that  is,  they 
are  mainly  occupied  in  discharging  from  the  blood  certain  waste 
products  that  have  been  carried  to  them  from  other  tissues  or 
organs.     These  bodies  may  be  classified  into — 

A.  Organic. — 1.  Bodies  belonging  to   the   fatty   series — 
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urea,  uric  acid,  xanthin,  hypoxantliiu,  kreatin  and  kreatinin  ; 
oxalic,  oxaluric,  glycerophospboric,  and  lactic  acids. 

2.  Bodies  heloncjing  to  the.  aromatic  series — hippuric,  ben- 
zoic, phenolsulphuric,  indoxylsulphuric,  and  skatol sulphuric 
acids. 

8.  Such  bodies  as  urobilin,  extractives,  and  organic  bodies 
containing  sulphur,  ttc. 

B  Inorganic— t^odixxm  chloride,  alkaline  sulphates  and 
phosphates,  phosphates  of  lime  and  magnesia,  silicic  acid, 
ammonia,  iron,  nitric  acid,  and  such  gases  as  carbonic  anhydride, 
nitrogen,  and  oxygen. 

Of  these  the  important  constituents  are  urea  and  sodium 
chloride,  which  normally  bear  to  each  other  the  proportion  of 
2  to  1,  but  in  febrile  conditions  may  be  altered  to  30  to  1. 

Normal  Urine  of  the  24  Hours  (after  Liebeumann). 


Constituents 


Water 


Sp.  gravity 


Urea 


Uric  acid 


Kreatinin. 

Hippuric   acid 
Sulphuric     „ 


Amount  in 
grains 


Alterations  under  pathological  conditions 


52  oz. 


1020 


400  to  600 


12 


10  „  II 


15 


28  „  38 


Increased  in  diabetes,  after  absorption  of 

effusions,  and  in  contracted  kidney,  &c. 
Diininished  in  acute  fevers,  cholera,  drop- 
sies, &c. 
liaised  in  diabetes  mellitus,  and  occasion- 
ally in  diabetes  insipidus. 
Lomered  in  polj'uria  and  certain  cachectic 
conditions  depending  on  want  of  food, 
&c. 
Increased  in  fevers  to  the  crisis,  in  inter- 
mirtent  fever  before  the  cold  stage,  in 
diabetes,  and  after  absorption  of  drop- 
sical effusions. 
THvdnhfied  in   dropsies,  in  chronic   liver 
diseases,  in  Bright's  disease,  after  fevers, 
and   in   all   conditions  in  which   tissue 
change  is  hindered. 
Increased  in  acute  fevers,  in  diseases  of  the 
lungs   interfering  with   respiration   (as 
tubercular  deposit,  &c.),  acute  rheuma- 
tism, leukaemia. 
Diminished    in    diabetes,    chronic    gout, 

Addison's  disease. 
Increased  in  acute  fevers,  pneumonia,  ko. 
Diminished  in  diabetes  mellitus,  debility, 
I       kidney  disease,  &c. 

I  Increased  in  fevers,  diabetes  mellitus,  and 
j       chorea. 

j  Having  more  or  less  the  same  source  as 
■  urea,  it  will  increase  or  diminish  there- 
i       with. 
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Normal  UHne  of  the  24  Hours — continued. 

Constituents 

Afnount  in 
grains 

Alterations  under  patliological  conditions 

Phosphoric  acid 

48  to  54 

Increased  in  fevers,  in  most  acute  nerve 
affections,  and  in  tubercle  of  the  lung. 

Diminished  in  many  mental  diseases,  es- 
pecially mania,  and  in  chlorosis. 

Oxalic          „    . 

0-3 

Iner eased  in   catarrhal    jaundice  and   in 
oxalic  acid  diathesis. 

Carbolic        „    . ' 

0-015 

Increased  in  certain  diseases  of  the  intes- 
tines, causing  constipation  (ileus,  &c.) ; 
but  has  been  observed  to  be  increased 
also  in  certain  cases  of  diarrhoea. 

Phosphate      of 

4  to  5 

Increased  in  osteomalacia,  rickets,  scrofula, 

lime 

carcinoma,  long- continued  suppuration. 
Diminished  in  fevers. 

Phosphate      of 

Magnesium    . 

7„  11 

Chloride      of 

150  „  200 

Increased  in  fevers  at  the  outset,  and  with 

Sodium 

(CI  =  90  to 
J      120 

the  rcabsorption  of  dropsical  fluids. 

Diminished     during     apyrexia,     dropsies, 

j  Na  =  60  to 
I     80 

cholera,  typhus,  inflammations  generally, 

and  especially  pneumonia. 

Free  acid  (cal- 

30 to  60 

Increased  during  the  acme  of  acute  febrile 

culated  as  ox- 

affections (on  account  probably  of   the 

alic  acid) 

diminished  proportion  of  water  present). 
Diminished  in  most  diseases  affecting  the 
nutrition  and  leading    to  a   deflciency 
therein. 

Indican     . 

007  „  0-3 

Increased  with  diseases  attended  by  con- 
stipation, and  occasionally  alto  in  cases 
of  diarrhoea. 

Total  inorganic 

salts       . 

200  „  380 

Potassium  . 

38  „     48 

Sodium 

140  „  180 

Calcium     . 

4  „       5 

Magnesium 

2  „       3 

The  Gases  in  Urine. — These  amount  on  an  average  to  15*79 
per  cent.,  of  which  carbonic  acid  forms  87'53  percent.,  nitrogen 
11*22  per  cent.,  and  oxygen  0*62  percent.  (Planer).  Accord- 
ing to  Pfluger  the  proportions  are  the  following  at  0°  and 
760  mm.  :— 

Carbonic  acid,  by  exhaustion  in  vacuo 

„  „         action  of  phosphoric  acid   in 

vacuo  

Oxygen  

Nitrogen 

The  carbonic  acid  appears  to  exist  chiefly  in  a  loose  state  of 
combination,  probably  with  sodic  phosphate. 

.    E  E 


Per  cent.  , 

17-5 

to  18-8 

0-10 

,,     0-9 

0-09 

,,     010 

115 

„     1-21 
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Amount  of  Solids. — Of  these  the  urine  therefore  contains 
nearly  42  grams  (648  grs.)  in  each  litre ;  but  they  may  vary 
from  20  to  65  grams  (300 to  1,000  grs.)  In  the  twenty-four 
hours  the  solids  average  5o  to  60  grams  (840  to  920  grs.) 


Mean  quantity  in  1  kilo. 
(2-2  lbs.) 

Mean  quantity  in  24  hours 

Water       . 

Organic  constituents 

Mineral           „ 

Grams 
956-0 
2718 
16-0 

Grains 

14,753 

419-4 

247 

Grams 
1,243 
35-24 
20-2 

Grains 
19,182 

644 

312 

In  general  the  solids  increase  with  the  quantity  of  urine 
excreted.  In  all  grave  diseases  the  solids  diminish  in  the 
twenty-four  hours,  but  as  the  urine  is  also  generally  passed  in 
less  quantity  the  proportion  remains  nearly  the  same.  In  acute 
maladies  the  volume  of  urine  decreases,  but  the  sp.  gravity 
increases ;  and  as  the  patient  improves  its  volume  rises,  and 
may  even  pass  the  normal  considerably.  In  diabetes  not  only 
is  the  volume  of  the  urine  but  also  the  solids  greatly  increased, 
while  in  certain  states  of  the  system,  as  hydrsemia,  chlorosis, 
anaemia,  hysteria,  &c.,  we  may  often  meet  with  simple 
polyuria. 


CHAPTER    IV. 
REACTIONS  AND    CHARACTERISTICS   OF  NORMAL    URINE. 

1.  Acid  Reaction, — Dip  into  the  urine  a  piece  of  blue  litmus 
paper :  it  becomes  red. 

2.  Density, — Pour  some  into  a  cylindrical  glass  and  insert 
a  urinometer:  the  sp.  gravity  should  be  about  1020  ;  if  higher 
than  1025,  sugar  or  excess  of  urea  may  be  present. 

3.  Uric  Acid  and  Pigment. — (a)  Add  a  little  hydrochloric 
or  nitric  acid:  no  precipitate  occurs,  but  the  urine  evolves  a 
characteristic  odour  and  becomes  dark-coloured,  (h)  When  the 
urine  is  carefully  poured  over  some  nitric  acid  in  a  test  glass, 
at  the  point  of  contact  of  the  two  fluids  a  reddish  layer  forms 
(Heller's  urophaoin  ring),  and  a  little  above  this  last  often  a 
whitish  layer  of  urates,  sharply  defined  below  but  less  so  above. 
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(c)  If  we  add  to  hydrochloric  acid  one-third  its  volume  of  urine 
the  mixture  assumes  a  pale  red,  brownish  red,  or  a  violet  to  a 
deep  blue  coloration  (indican,  &c.)  {d)  Pour  some  strong 
sulphuric  acid  into  a  beaker,  then  about  twice  its  volume  of 
urine,  and  mix  rapidly  with  a  glass  rod :  a  more  or  less  dark 
brown  colour  is  developed.  In  certain  chronic  liver  affections 
the  colour  may  be  quite  black.  (e)  Saturated  solution  of 
picric  acid  causes  no  alteration  of  colour,  but  the  urine  remains 
clear  for  three  or  four  hours,  when  a  slight  yellow-coloured 
sediment  appears. 

4.  Boil  a  little  in  a  test  tube  :  the  urine  remains  clear,  its 
acid  reaction  unaltered  ;  but  if  it  is  neutral  or  alkaline  a  pre- 
cipitate of  earthy  phosphates  will  occur,  which  disappears  on  the 
addition  of  a  few  drops  of  nitric  acid. 

If  the  urine  is  not  transparent,  but  becomes  so  on  boiling, 
excess  of  urates  is  present. 

o.  Phosphates  of  the  Alkalies  and  of  the  Alkaline  Earths. 
— (a)  Add  a  few  drops  nitric  acid  to  the  urine  and  boil,  then 
add  a  little  barium  chloride  solution  and  boil  again  for  some 
time :  baric  sulphate  is  precipitated.  Now  filter  rapidly  and 
treat  the  filtrate  with  excess  of  ammonia,  when  baric  phosphate 
is  thrown  down. 

(j)  Confirm  the  presence  of  the  alkaline  phosphate  by  boil- 
ing some  nitric  acid  solution  of  ammonium  molyhdate  in  a 
test  tube,  and  then  adding  to  it  a  little  urine,  when  a  canary 
yellow  precipitate  of  ammonium  phosphomolybdate  is  thrown 
down. 

(ij)  To  a  fresh  portion  of  urine  add  sodic  acetate  and  then 
acetic  acid  and  a  drop  of  ferric  chloride  :  a  yellowish  white  gela- 
tinous precipitate  is  thrown  down  of  ferric  phosphate. 

(6)  Add  ammonium  chloride  and  ammonia  in  excess :  a 
white  precipitate  of  the  earthy  phosphates  (lime  and  magnesia) 
and  of  oxalate  of  lim^e.  Filter  and  add  to  the  filtrate  a  little 
solution  of  magnesia  sulphate,  and  a  precipitate  of  the  alka- 
line phosphates  occurs  as  triple  phosphates.  (Or  the  next 
method  may  be  adopted.) 

{c)  Add  to  the  urine  acetate  of  ammonia  (prepared  by 
adding  acetic  acid  to  liquor  ammoniae  till  the  acid  is  in  excess), 
and  to  complete  the  precipitation  add  oxalate  of  ammonia  :  a 
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little  oxalate  of  lime  is  thrown  down.  Now  boil,  filter,  and  to 
the  filtrate  add  excess  of  ammonia,  shaking  or  stirring  briskly : 
a  crystalline  precipitate  of  the  trijple  phosphate. 

The  tests  under  this  head  having  first  been  applied  to  the 
urine  itself  should  next  be  gone  through  with  a  solution  of  the 
dry  residue.  To  effect  this  evaporate  about  20  grams  of  urine 
to  dryness,  and  incinerate  the  residue.  Then  boil  this  last 
with  a  little  water  and  filter:  the  filtrate  will  contain  the 
phosphates  of  the  alkalies,  and  the  insoluble  residue  the  earthy 
phosphates. 

(j)  To  the  filtrate  apply  test  a;  then  try  test  6,  when  it  will 
be  found  that  no  precipitate  is  obtained.  Next  add  to  a  little 
of  the  filtrate  ammonium  chloride,  ammonia,  and  magnesic 
sulphate,  when  a  precipitate  of  the  triple  phosphate  will  be 
obtained. 

(ij)  The  part  of  the  calcined  residue  insoluble  in  water  is 
then  to  be  dissolved  in  a  few  drops  of  nitric  acid,  a  little  water 
added,  and  the  solution  filtered  (the  insoluble  residue  generally 
consists  of  silica).  To  part  of  the  clear  solution  add  excess 
of  ammonia :  phosphate  of  lime  and  ammoniaco-magnesian 
phosphate  are  precipitated. 

To  the  rest  of  the  solution  add  ammonia  and  then  excess  of 
acetic  acid  and  oxalate  of  ammonia :  oxalate  of  lime  is  thrown 
down.  Shake  well,  boil,  and  filter ;  concentrate  the  filtrate  by 
evaporation,  and  when  it  is  cold  add  ammonium  chloride  and 
sodic  phosphate,  stirring  well:  a  crystalline  deposit  of  the 
triple  phosphate. 

6.  Soluble  Sulphates. — Add  baric  chloride  or  baric  hydrate 
or  nitrate :  a  white  precipitate  of  baric  sulphate,  phosphate  and 
urate,  which  disappears  in  part  on  the  addition  of  hydro- 
chloric acid,  the  sulphate  only  being  insoluble  and  remaining 
as  a  finely  pulverulent  mass. 

7.  Urea. — (a)  The  phosphates  must  first  be  separated 
before  applying  the  following  test ;  accordingly  add  to  the 
urine  barium  chloride  in  excess,  and  filter  off  the  precipitate  ; 
now  add  to  the  clear  filtrate  some  dilute  solution  of  mercuric 
nitrate,  and  a  white  flocculent  precipitate  consisting  of  a  com- 
bination of  urea  and  mercuric  nitrate  is  obtained. 

(6).  Evaporate  some  urine  over  a  water  bath  to  a  syrupy  con- 
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sistence  ;  place  a  little  of  this  syrup  in  a  watch  glass  with  an 
equal  volume  of  pure  nitric  acid,  and  float  the  watch  glass  on 
cold  water:  a  crystalline  mass  of  nitrate  of  urea  will  soon 
form. 

Digest  the  rest  of  the  syrup  with  spirit,  and  then  evaporate 
the  extract  obtained ;  dissolve  up  the  residue  in  a  little  water, 
and  place  a  few  drops  on  two  microscopic  slides ;  insert  a  fine 
thread  in  the  'fluid  on  each  slide,  and  then  apply  cover  glasses, 
leaving  part  of  the  thread  uncovered.  To  the  outer  part  of 
one  thread  apply  a  drop  of  nitric  acid,  and  a  drop  of  strong 
oxalic  acid  solution  to  the  other  thread,  and  note  the  formation 
of  crystals  under  the  microscope. 

8.  Precipitates  with  Lead. — Add  some  solution  of  acetate 
of  lead :  a  thick  precipitate  falls,  consisting  of  chloride,  phos- 
phate, urate,  and  sulphate  of  lead,  as  also  most  of  the  pigment 
present.     Filter  and  note  the  clearness  of  the  filtrate. 

9.  Chlorides. — Add  silver  nitrate :  a  white  precipitate  of 
chloride  and  phosphate  of  silver  ;  add  a  few  drops  of  nitric  acid, 
and  the  phosphate  dissolves  ;  filter  and  note  that  the  silver 
chloride  forms  a  white,  cheesy  mass  that  is  soluble  in  ammonia 
and  becomes  darker  on  exposure  to  the  light. 

10.  Salts  of  Lime,  Magnesia,  and  Aminonia. — (a)  Add  a 
little  sodic  acetate  in  excess  and  then  oxalate  of  ammonia :  a 
slight  white  precipitate  of  oxalate  of  lime,  which  becomes 
more  evident  on  boiling  and  is  insoluble  in  acetic  acid.  Now 
filter  and  add  ammonia  to  the  filtrate,  when  the  magnesia  will 
be  thrown  down  as  ammonio-magnesian  phosphate.  (6)  To 
50  c.c.  of  urine  add  some  milk  of  lime,  then  boil  in  a  small 
flask  and  test  the  vapours  given  off  with  a  glass  rod  that  has 
been  dipped  in  hydrochloric  acid,  when  white  fumes  will  be 
formed  if  ammonia  is  present ;  note  the  smell  also,  and  test 
the  reaction  of  the  vapour  with  a  piece  of  red  litmus  paper : 
ammonia  will  be  indicated  by  its  pungent  odour  and  by  the 
blue  coloration  of  the  litmus. 

11.  Hippuric  Acid. — It  is  advisable  to  use  cow's  urine  for 
this  experiment.  Boil  it  for  some  time  to  remove  excess  of  pig- 
ment, and  filter  ;  evaporate  rapidly  to  a  syrup,  allow  it  to  cool, 
and  then  acidulate  with  hydrochloric  acid  ;  lay  aside,  and  after 
24  hours  decant  from  the  deposited  crystals.     These  are  gene- 
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rally  much  coloured  from  admixture  with  pigment.  Place  some 
of  the  dry  crystals  in  a  small  reduction  tube  and  heat,  when  a 
sublimation  will  occur  of  benzoic  acid,  an  odour  of  fresh  hay 
or  nitrobenzol  being  evolved  and  oily  red  drops  formed. 
Also  examine  the  crystals  under  the  microscope ;  they  generally 
form  fine  needles. 

12.  Kreatinin, — To  100  c.c.  urine  add  some  milk  of  lime, 
and  then  some  solution  of  chloride  of  lime  to  complete  preci- 
pitation ;  tilter  after  some  time  and  evaporate  the  filtrate  to  a 
syrup ;  add  to  this  about  30  c.c.  absolute  alcohol,  and  after 
mixing  well  lay  aside  for  5  hours  or  so  in  a  small  beaker ;  then 
add  10  to  15  drops  of  alcoholic  solution  of  chloride  of  zinc,  and 
lay  aside  again  :  a  precipitate  of  kreatinin  chloride  of  zinc  occurs 
by  degrees.  Examine  the  deposit  under  the  microscope,  and 
note  the  prismatic  crystals  or  fine  needles  arranged  in  rosettes 
or  bundles. 

.  13.  Normal  urine  decolourises  a  weak  ammioniacal  cupric 
oxide  solution.  Tannin  gives  no  precipitate  with  it.  The 
addition  to  urine  of  three  times  its  volume  of  alcohol  (90  per 
cent.)  causes  a  precipitate  due  chiefly  to  earthy  phosphates.  If 
this  precipitate  is  dissolved  in  water  a  solution  is  obtained 
which  can  change  starch  into  sugar  (B^ch amp's  nephro- 
zymase). 


CHAPTER   V. 

UREA^ 

The  formula  for  this  body  is  CONgH^  ==  CO  j  n^jr^ ;  its  mole- 
cular weight  is  60,  and  it  contains  46*6  per  cent,  nitrogen. 

It  is  found  in  small  proportion  in  the  different  animal 
fluids,  tissues,  and  organs,  being  absent,  however,  from  muscle, 
but  especially  rich  in  the  liver  (0*20  to  0*46  per  cent.),  although 
this  last  is  denied  by  Hoppe  SeyleR.  In  human  blood  there 
is  present  0*142  to  0-177  per  cent.,  though  it  may  be  as  low 
as  0*02  per  cent. ;  but  in  Bright's  disease  it  has  been  found  as 
high  as  1*5  per  cent.  In  the  blood  of  the  dog  the  proportion 
is   0-0192  per  cent.  (WuRTz),   or  0*014   to   0*085   per  cent. 
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(Pekelharing).  Urea  is  the  principal  element  of  the  urine, 
this  fluid  containing  2  to  4  per  cent.,  or  an  average  mean  of 
2'b  to  3-2  per  cent. 

Preparation.  1.  From  Urine. — (a)  Evaporate  the  filtered  urine 
to  a  syrupy  consistence,  then  allow  it  to  cool,  and  it  is  advisable  to 
surround  the  vessel  containing  it  with  a  freezing  mixture  ;  next  add 
colourless  nitric  acid  in  excess,  or  in  about  the  same  volume  as  the 
concentrated  urine,  and  lay  aside  for  24  hours.  Decant  and  collect 
the  precipitate  on  a  linen  filter;  spread  it  out  from  this  upon  a 
porous  earthenware  plate,  and  after  somfe  time  dissolve  it  in 
hot  water.  If  it  is  much  coloured  shake  the  solution  for  some 
minutes  with  animal  charcoal  and  filter.  To  the  filtrate  add  baric 
carbonate  to  neutralisation,  then  a  little  caustic  baryta,  and  pass  a 
current  of  carbonic  acid  gas  through  the  fluid  for  a  few  minutes 
[2(CON2H4.HN03)  +  BaCOg  =  2CON2H4+  Ba2N03  +  H20  +  C02]. 
Filter  again,  evaporate  the  filtrate,  and  having  dried  the  impure  urea 
thus  obtained  by  spreading  it  out  between  sheets  of  filter  paper,  boil 
it  in  absolute  alcohol,  filter,  and  from  the  filtrate  allow  the  urea  to 
crystallise  out. 

(h)  The  urine,  particularly  that  of  the  dog,  may  be  thus  treated  : 
Add  1  vol.  baryta  mixture  [saturated  solution  of  baric  hydrate  (2) 
and  of  baric  nitrate  (1)]  to  2  vols,  of  the  urine,  shake  together,  and 
filter ;  evaporate  the  filtrate  to  dryness,  and  treat  the  residue  with 
boiling  alcohol ;  filter  the  alcoholic  solution,  and  from  the  filtrate  the 
urea  is  allowed  to  separate.  If  not  transparent  it  is  dissolved  up 
again  and  filtered  through  animal  charcoal,  and  the  clear  solution 
finally  evaporated. 

2.  Artificial  Preparation. — Powder  some  potassic  ferrocyanide, 
dry  it  over  a  water  bath,  and  rub  100  grams  of  it  well  together  with 
50  grams  black  manganic  oxide ;  then  heat  the  mixture  to  redness  on 
an  iron  plate.  Before  it  has  quite  cooled  break  the  mass  up  in 
a  mortar  and  shake  it  well  with  a  warm  solution  of  50  grams 
sulphate  of  ammonia,  heat  for  a  few  minutes,  filter,  and  evaporate 
the  filtrate  to  dryness.  The  urea  present  is  separated  from  the 
alkaline  sulphates  mixed  with  it  by  warming  the  residue  with  a 
small  quantity  of  absolute  alcohol  (90  per  cent.)  The  alcoholic 
extract  is  distilled,  and  the  urea  left  behind  is  recrystallised  from 
boiling  absolute  alcohol. 

General  Characters. — Urea  in  the  pure  state  forms  long 
flattened  four-sided  prisms  that  are  striated,  translucent,  and 
silky,    and   terminated  by  oblique   surfaces.     Eapidly  formed 
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crystals  are  generally  in  the  form  of  long,  fine,  white, 
glittering  needles.  These  crystals  dissolve  readily  in  cold 
water  and  alcohol,  being  about  twice  as  soluble  in  these 
fluids  when  boiling,  but  are  almost  insoluble  in  pure 
ether.  Urea  melts  at  130°  and  decomposes  at  a  higher 
temperature. 

Chemical  Relations. — Urea  is  isomeric  with  ammonium 
cyanate  (NH^CNO),  this  body  undergoing  spontaneous  con- 
version into  it,  and  it  may  therefore  be  readily  prepared  there- 
from. In  the  transformation  energy  is  evolved,  so  that  the 
cyanate  with  its  molecular  energy  may  be  regarded  as  a  type 
of  vitally  active  nitrogen,  and  the  urea  as  that  of  dead  nitrogen 
(Pfluger). 

Urea  is  generally  considered  to  be  an  amide  of  carbonic 

anhydride:  OC  ] -^tt  carbonic  acid;  OCJ  ^tt^  carbamic  acid; 
OC 1  -vTTT^  carbamide. 

i     jNHg 

Combinations. — Behaving  in  some  respects  like  an  organic 
base,  urea  combines  with  acids,  bases,  and  salts.     The  nitrate, 

CON2H4,HN03,  is  formed  if  nitric 
acid  is  added  to  a  moderately 
concentrated  solution  of  urea, 
generally  appearing  as  very  thin 
rhomboidal  or  hexagonal  tables, 
although  from  some  urines  (as 
occasionally  in  Bright's  disease, 
&c.)  it  may  show  itself  in  tufts 
FIG.  29.-NITUATK  OP  Urea  cuy.stai.s.    of  ^^e  ncedlcs.     The  crystals  are 

Crystals  of  nitrate  of  urpa— rhombic  tables   SOlublc    in    W^atcr,  IcSS    SOlublc    iu 
and  six-sided  plates  (formed  iu  slow  crys-      nii  -,       .         iii-  ,^ 

taiiisation).  alcohol,  Hud    insolublc  m  ether 

and  nitric  acid.  The  oxalate, 
(CON2H4)2C2H204  +  H2O,  is  also  readily  formed  by  the  addition 
of  a  strong  solution  of  the  acid  to  a  moderately  concentrated 
solution  of  urea.  The  crystals  form  rhomboidal  tables  or  long 
thin  prisms,  and  are  very  variable  in  shape.  They  are  slightly 
soluble  in  water,  and  less  so  in  alcohol.  Nitrate  of  mercury 
combines  with  urea,  and  according  to  the  concentration  of  the 
solutions  three  combinations  may  be  formed  (Liebig) — 
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(l)(CON3H,),.Hg,(N03),; 
(?)  (C0N,H,),.Hg3(N03)„; 
(3)  (CON,HJ,.Hg(N03),  +  3HgO. 

The  last  is  produced  when  a  dilute  solution  of  the  nitrate  is 
added  to  a  dilute  (about  2  per  cent.)  urea  solution.  Mercuric 
chloride  gives  a  white  gelatinous  precipitate  with  an  alkaline 
solution  of  urea.  Sodium  chloride  also  combines  with  urea, 
CONgH^jNaCl  -f  SHgO,  forming  brilliant  rhombic  prisms  when 
a  solution  of  the  two  bodies  is  evaporated.  From  such  a  solu- 
tion the  urea  is  not  completely  precipitated  by  nitric  acid. 

CoTTipound  ureas  are  formed  when  the  hydrogen  atoms  of 
urea  are  replaced  by  alcoholic  or  acid  radicles ;  as,  CNOH  (cyanic 
acid)  +  NH2(C2H,)  (ethylamin)  =  CO.NH2.NH(C2H,)  (ethyl 
urea);  CNOH  (cyanic  acid)  +  ]S'H(C2H5)2  (diethylamin) 
=  (CO.NH2N(C2H,)2  (diethyl  urea) ;  CON^H,  -\~  C^HgO.Cl 
(acetyl  chloride)  =  CONH2.NHC2H30  (acetyl  urea)  +  HCl. 

Decompositions. — Urea  decomposes  readily  under  the  in- 
fluence of  strong  alkalies  and  acids,  organic  ferments,  bacteria, 
&c.,  and  even  by  the  simple  heatiug  of  watery  solutions — slowly 
at  boiling  point,  but  rapidly  if  heated  in  a  closed  tube  to  230°,  or 
under  pressure  at  100°  if  mixed  with  baryta  water — the  elements 
of  water  being  taken  up  and  ammonium  carbonate  formed  : — 

cogJ.+2H,o=co{ojj;; 

Nitrous  acid,  chlorine  gas,  and  hypochlorite  and  hypo- 
bromite  of  soda  decompose  urea  with  the  formation  of  carbonic 
acid,  water,  and  nitrogen  : — 

Co|^22  +  NA^0O2  +  2H2O  +  2N2 
C0|^}}2  +  H,0  +  3Cl2=C0,  +  N2  +  6HCl 

Co|^2*^  +  3NaBrO  =  C02  +  N2H-2H20  +  3NaBr. 

The  nitrous  acid  reaction  can  easily  be  shown  by  adding  a 
few  drops  of  nitric  acid  to  a  globule  of  mercury  in  a  test  tube, 
when  pungent  red  fumes  of  nitrous  acid  are  evolved ;  but  if 
now  a  little  urea  is  added  only  a  colourless  gas  will  be  given 
off.     If  dry  chlorine  gas  is  passed  over  melted  urea  the  latter 
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is  decomposed  into  cyanuric  acid  and  nitrogen,  hydrocliloric 
acid  and  ammonium  chloride  also  being^  formed : — 

3C0J^^2+  3CI2  =  C3N3H3O3   (cyanmic   acid)+  N^  +  oHCl 

+  NH,C1. 

When  heated  with  a  mixture  of  caustic  potash  and  potassic 
permanganate  it  is  decomposed  into  carbonic  acid  and  am- 
monia. If  the  ammonia  is  distilled  off  it  can  be  determined  in 
the  distillate  by  Nessler's  process,  and  the  amount  of  urea 
thus  estimated.  Potassic  permanganate  oxidises  urea  in  acid, 
but  not  in  alkaline  solutions,  while  the  inverse  holds  good  with 
ozone. 

Derivatives. — When   melted  with  sarcosin  urea   builds  up 

NHCO 

methyl  hydantoin,  CO^.p^  xpu  5  which  is  closely  related  to 

kreatin ;  and  when  melted  with  leucin,  uramido-caproic  acid  is 
formed.  Other  derivatives  are  biuret  (C2O2N3H5  +  H2O), 
which  is  obtained  by  heating  dry  urea  up  to  150°  and  extract-^ 
ing  the  cooled  mass  with  cold  water;  cyanamid  (OH2N2)  and 
guanidin  (CNgHg). 

Urea  Reactions  and  Tests. — Make  a  strong  watery  solution 
of  urea,  and  perform  most  of  the  following  tests  with  drops 
placed  on  microscope  slides  : — 

1.  Allow  a  drop  to  evaporate  ;  when  nearly  dry  place  a  cover 
glass  upon  it,  and  examine  under  the  microscope  :  note  the 
white  silky  needles  formed  by  the  crystals,  generally  in  the 
form  of  four- sided  prisms  terminated  by  oblique  facets,  or  as 
delicate  six-sided  superimposed  plates. 

2.  Place  a  short  length  of  thread  in  a  drop  of  the  solution, 
then  cover  so  as  to  leave  part  of  the  thread  outside  the  cover 
glass ;  now  moisten  the  outer  part  of  the  thread  with  a  drop  of 
nitric  acid,  and  under  the  microscope  note  the  formation  of 
crystals  on  each  side  of  the  thread,  hexagonal  tables  or  six- 
sided  prisms  being  ultimately  formed,  the  character  of  the 
crystals,  however,  being  affected  by  their  more  or  less  rapid 
formation,  &c. 

3.  Note  in  the  same  way  the  formation  of  crystals  of  oxalate  of 
urea,  replacing  the  nitric  acid  by  a  strong  solution  of  oxalic  acid. 

4.  Note  the  white  precii:)itate  with   solution  of  mercuric 
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nitrate,  and  the   absence  of  any  precipitate    when   mercuric 
chloride  is  added*  to  an  acid  solution. 

5.  Place  a  few  drops  of  a  solution  of  sodic  carbonate  or 
bicarbonate  in  a  test  tube,  then  add  a  little  mercuric  nitrate, 
and  a  yellow  precipitate  is  formed  of  mercuric  liydrate. 

Now  to  another  test  tube  add  a  little  solution  of  urea  and 
some  carbonate  of  soda;  then  pour  in  a  few  drops  of  the  mer- 
curic nitrate,  and  the  white  curdy  precipitate  is  produced, 
owing  to  the  urea,  but  no  yellow  colour  at  first ;  after  adding  a 
little  more  of  the  nitrate,  however,  a  yellow  colour  appears. 
So  long,  therefore,  as  there  is  itrea  present  to  combine  loith  the 
mercuric  nitrate  no  yellotu  colour  appears,  this  occurring  only 
with  excess  of  the  mercuric  salt. 

6.  Cover  a  large  crystal  of  urea  with  a  drop  of  a  saturated 
watery  solution  oi  furfurol  (C4H3O.COH)  and  immediately  add 
a  drop  of  hydrochloric  acid  (sp.  gr.  1*1)  :  a  rapid  play  of  colours 
occurs  from  yellow,  through  green  to  purple  violet,  sometimes 
passing  into  brownish  black. 

7.  Pour  a  few  drops  into  a  small  test  tube  and  add  a  little 
hypohromite  of  soda :  the  urea  at  once  decomposes,  bubbles  of 
gas  being  given  off.  Use  hypochlorite  instead  of  hypobromite, 
and  it  will  be  seen  that  the  decomposition  does  not  occur 
readily  till  the  mixture  is  heated.  The  process  is  seen  best  by 
using  a  small  test  tube  which  is  nearly  filled  with  the  hypo- 
chlorite solution,  then  a  little  urea  added,  and  the  test  tube 
rapidly  inverted  over  water  or  mercury :  the  nitrogen  evolved 
collects  in  the  tube,  the  carbonic  anhydride  being  absorbed. 

8.  Substitute  nitrons  acid  for  the  hypobromite,  and  pro- 
ceed as  in  the  last  experiment :  the  urea  is  decomposed  as 
before  and  gas  evolved. 

9.  To  separate  the  urea  from  urine  for  exam^ination, 
evaporate  about  15  c.c.  in  a  water  bath  to  a  syrupy  consistence, 
and  digest  this  with  an  equal  volume  of  alcohol.  The  alcoholic 
extract  is  then  evaporated,  and  to  the  watery  solution  of  the 
residue  tests  2  and  3  are  applied.  If  the  urine  is  albuminous 
it  is  better  first  to  separate  the  albumin  by  boiling  and  filter- 
ing after  the  addition  of  a  few  drops  of  acetic  acid.  If  an 
excess  of  urea  is  present,  in  which  case  the  specific  gravity  is 
generally  high,  mix  equal  volumes  of  the  mine  and  of  pure  nitric 
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acid  in  a  watch  glass,  which  is  to  be  floated  in  cold  water,  and 
nitrate  of  urea  soon  appears. 

If  an  excess  of  urea  is  not  present  an  equal  volume  of  pure 
nitric  acid  may  be  added  to  the  condensed  urine,  when  the  latter 
will  soon  become  semisolid  from  the  formation  of  nitrate  of  urea. 

1 0.  Detection  of  Urea  in  the  Bloody  &c, — The  fresh-drawn 
blood  or  the  serum  of  coagulated  blood  is  mixed  with  four 
times  its  volume  of  alcohol,  by  which  the  albumins  are  precipi- 
tated. Filter,  evaporate  the  filtrate  to  dryness,  and  exhaust 
the  residue  with  absolute  alcohol ;  evaporate  this  in  turn,  and 
dissolve  the  residue  in  water.  Add  to  the  watery  solution  some 
baric  hydrate  to  precipitate  any  phosphates  present,  filter,  and 
pass  a  current  of  carbonic  anhydride  through  the  filtrate  to 
separate  any  baryta,  filter,  and  evaporate  to  a  syrupy  consistence. 
Divide  this  syrup  into  three  parts ;  add  a  drop  of  nitric  acid  to 
the  first,  of  strong  oxalic  acid  solution  to  the  second,  and 
test  the  third  with  mercuric  nitrate.  Then  examine  the  first 
and  second  with  the  naked  eye  and  under  the  rnicroscope,  and 
note  any  appearance  of  crystallisation.  If  the  crystals  are  sup- 
posed to  be  compounds  of  urea,  it  is  well  to  compare  them  with 
some  freshly  formed  crystals  of  the  nitrate  and  oxalate,  so  as  to 
avoid  the  mistake  of  confounding  them  with  the  crystals  that 
frequently  form  of  alkaline  nitrates,  especially  in  presence  of  ex- 
tractives. Incinerate  also :  there  is  a  residue  with  the  alkaline 
salts,  none  with  those  of  urea. 


CHAPTEK   VI. 

SOURCES  AND  AMOUNT,  AND  INFLUENCES  AFFECTING 
THE  LATTER. 

Source  and  Seat  of  Urea  Formation. — The  urea  is  most 
probably  derived  from  the  decomposition  of  albuminous  bodies ; 
the  amount  of  it  excreted  in  the  urine  may  therefore  be  taken 
as  indicating  the  amount  of  albumin  decomposition  occurring 
in  the  body.  According  to  Parkes  97  per  cent,  of  the  nitrogen 
of  the  food  is  thus  elimiiiated  by  the  kidneys.  B^champ,  many 
years    ago,    described    the    formation    of   urea    from   albumin 
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through  direct  oxidation  by  the  action  of  potassic  permanganate 
in  alkaline  solutions,  and  although  his  statements  have  not 
been  fully  confirmed,  he  still  maintains  the  accuracy  of  his 
former  view ;  and  in  this  he  has  been  supported  by  Eitter, 
who  obtained  in  the  same  way  0-3  per  cent,  from  white  of  egg, 
0'33  per  cent,  from  fibrin,  and  0*7  per  cent,  from  gluten. 

It  has  long  been  established  (Prevost  and  Dumas)  that 
after  extirpation  of  the  kidneys  urea  does  not  cease  to  be  formed, 
but  accumulates  in  the  blood  and  tissues ;  and  modern  opinion 
is  in  favour  of  the  view  that  instead  of  being  formed  in  the 
kidneys  it  takes  its  origin  in  the  blood  and  in  the  different 
organs  of  the  body,  particularly  the  liver  and  spleen.  But  it  is 
possible  that  the  kidneys,  besides  merely  excreting  the  already 
formed  urea,  may  also  assist  in  transforming  some  of  its  direct 
antecedents  into  urea. 

There  is  evidence  of  a  continual  formation  of  kreatin  in 
different  parts  of  the  body,  as  in  nervous  tissues,  muscles, 
spleen,  &c.,  and  it  is  probable  that  this  kreatin  is  an  antecedent 
of  urea.  Urea,  although  present  in  the  blood,  is  not  generally 
to  be  found  in  the  parts  just  referred  to  as  seats  of  kreatin 
formation. 

The  urea  is  always  increased  by  a  diet  rich  in  proteids.  In 
this  case  it  is  probable  that  an  abundant  formation  of  leucin 
and  tyrosin  takes  place  in  the  intestine,  owing  to  a  breaking 
down  of  peptones,  and  by  their  absorption  and  further  decom- 
position in  the  liver  (of  the  leucin  at  any  rate)  urea  may  be 
formed.  In  the  liver  much  urea  has  been  found  (Meissner), 
and  probably  many  of  the  metabolic  processes  resulting  in  the 
formation  of  urea  here  find  a  centre  of  activity.  Schultzen  is 
of  opinion  that  in  the  normal  metabolism  of  the  proteids 
carbamic  acid  (CO.NHg.OH)  and  ammonia  are  the  ultimate 
products,  and  that  these  by  their  subsequent  dehydration  form 
urea,  COgN^Hg  or  CON2H4.H2O  (ammonium  carbamate)  —  HgO 
^CONgH^.  It  is  thought  probable,  however,  by  others  that  all 
the  nitrogen  of  urea  comes  to  it  in  the  form  of  ammonia,  and 
that  this  is  directly  united  to  carbonic  acid  instead  of  carbamic 
acid,  and  subsequently  dehydrated  (Salkowski). 

When  an  animal  is  fasting  the  tissue  waste  supplies  the 
urea.     Thus   100  grams  of  muscle  substance  contain  about  3*4 
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grams  of  nitrogen,  corresponding  to  7*286  grams  of  urea  ;  every 
gram  of  urea  accordingly  represents  13'72  grams  of  muscle 
substance,  and  in  a  fasting  animal,  when  a  day  or  two  have 
elapsed,  every  gram  of  urea  in  the  urine  is  equivalent  to  13*72 
grams  of  muscle  waste.  After  fasting  about  four  days  a  dog 
weighing  20  kilos,  excretes  about  9  to  12  grams  urea.  12 
grams  x  13*72  =  164*6  muscle — that  is,  about  165  grams  of 
daily  muscle  waste.  If  now  we  give  to  the  dog  about  165 
grams  of  flesh  daily,  as  a  result  the  loss  of  weight  will  cease,  but 
the  excretion  of  urea  is  increased  :  1 2  -f  9  =  2 1  grams  is  about 
the  amount  of  urea  discharged,  showing  the  urea  due  to  tissue 
waste  to  be  equal  only  to  |  of  the  amount  previously  derived 
from  that  source.  If  the  food  is  doubled,  and  say  165  grams 
X  2  =  330  grams  of  flesh  given,  the  excretion  is  12x2  +  6  =  30 
grams,  indicating  a  decrease  in  the  tissue  waste.  But  this  holds 
good  only  up  to  a  certain  point.  In  cases  of  fevers,  inflamma- 
tion, &c.,  where  the  food  ingested  is  comparatively  small  in 
quantity,  and  frequently  not  equivalent  to  more  than  5  grams 
urea,  a  great  part  of  the  excreted  urea  must  be  due  to  tissue 
waste.  Thus,  take  a  case  of  pneumonia  with  a  daily  excretion 
of  28  grams  urea  ;  28  —  5  =  23  grams  would  then  arise  from 
waste  of  tissue,  and  calculating  this  as  muscle  waste  would  give 
13*72  x  23  =  315*56  grams  of  daily  muscle  waste. 

Amount  of  TJrea  Excreted. — Among  different  individuals  the 
difference  in  the  amount  excreted  in  the  twenty-four  hours  is  so 
great  that  it  is  almost  impossible  to  strike  a  mean.  The  follow- 
ing estimates  have  been  given  for  the  twenty-four  hours:  — 

17-5  to  2B-5  grams,  or  270  to  360  grains  (Flugge). 
30-0  „  350  „         460  „  540       „       rVoiT). 

25-0  ,,400         .,         890  „  620       „       (Vogel). 

34-8  „  537  „       (Oppenheim  and  Meyer). 

The  influences  affecthig  the  amount  are  various, 

1.  Constitution,  Sex,  Age,  and  Body  Weight. — According  to  most 
authorities  the  mean  for  healthy  men  may  be  taken  as  34  grams 
(525  grains)  in  the  24  hours,  or  0*5  gram  for  each  kilo,  of  body 
weight;  and  for  women,  a  mean  of  25  grams  (386  grains),  or  0'4 
gram  per  kilo.  Calculated  after  Uhle's  data  the  urea  is  excreted  at 
the  rate  of  about  3|  grains  to  each  pound  of  body  weight. 

In  children  the  excretion  of  urea  in  proportion  to  the  body  weight 
is  nearly  doable  that  of  the  adult  period ;  but  up  to  one  month  it  is 
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said  only  to  be  0*23  gram  for  each  kilo,  of  body  weight  (Parrot  and 
Robin). 

In  old  age  it  sinks  again  nearly  to  the  half  (Uhle).  While,  it 
should  be  observed,  an  increase  in  body  weight  is  attended  with  in- 
creased excretion  of  urea,  the  two  do  not  bear  a  direct  proportion 
to  each  other. 

2.  The  clharacter  and  amount  of  the  food  has  the  greatest  effect 
on  the  amount,  this  reaching  its  maximum  some  six  hours  after  the 
meal,  and  sinking  to  a  minimum  in  the  early  morning.  The  dis- 
charge of  urea  is  in  proportion  to  the  amount  of  nitrogenous  food 
ingested,  and  with  the  urea  thus  discharged  it  would  appear  that 
one- seventh  of  the  latent  or  potential  energy  of  this  kind  of  food 
escapes  in  an  unexpended  state.  Fasting  lowers  the  urea  by  10  to  11 
grams ;  excessive  consumption  of  water  may  raise  it  by  5  grams. 

Grams  in  the  24  hours 
With  pure  animal  diet       .         .     51  to  92 
„     mixed  „  .         .     36  „  38 

„     vegetable         „  .         .     24  „  28 

„    non-nitrogenous  diet         .        16        (Frank). 

In  a  series  of  experiments  made  by  Oppenheim  upon  himself  he 
found  that  on  a  diet  consisting  of  400  grams  bread,  300  grams  meat, 
and  950  grams  milk  the  urea  eliminated  after  four  days  became  very 
constant.  The  mean  of  seven  days  gave  34*6  grams=16'2  grams 
nitrogen;  1*1  gram  was  passed  in  the  faeces.  The  total  nitrogen  in 
the  food  was :=  18*9  grams,  and  the  nitrogen  excreted  17*3  grams, 
the  difference,  1"6  gram,  being  retained  in  the  body. 

The  maximum  corresponded  to  the  time  of  taking  the  largest 
amount  of  albuminoids  as  food.  In  the  first  four  hours  after  the 
midday  meal  0*24  gram  was  eliminated  per  hour  in  excess  of  the. 
average ;  during  the  night  the  excretion  fell  below  the  average.  A 
24  hours'  fast  caused  an  elimination  of  10  to  11  grams  below  the 
usual  amount.  The  quantity  was  raised  by  the  ingestion  of  large 
quantities  of  fluid  and  of  quinine.  Coffee  exerted  little  effect,  and 
the  same  was  the  case  after  excessive  perspiration. 

3.  The  varying  organic  metamovphoses  occurring  Jn  the  hod,i{ 
tl^prfldptrt  mi.  th(>.  physical  and  mental,  activity^  d-r..^  ?^ffect  the  urea 
considerably.  But  the  weight  of  evidence  is  now  entirely  in  favour 
of  regarding  muscle  work  as  not  tending  to  increase  the  amount  of 
urea  excreted  (Voit),  or  to  do  so  only  to  a  very  slight  extent 
(Parkes),  and  that  only  after  excessive  muscular  exertion  (Noyes, 
Engelmann)  ;  so  that  it  is  most  likely  that  the  muscle  works  at  the 
expense  of  the  carbohydrates  and  fats  ingested  instead  of  the  albu- 
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mins.  It  is  possible  that  when  the  urea  is  increased  during  muscular 
exertion  it  may  be  due  to  some  accompanying  dyspnoea,  and  dyspnoea, 
according  to  Fraenkel,  causes  an  increased  decomposition  of  albumin. 
Kellner's  investigations  with  horses,  however,  show  that  an  increase 
in  the  daily  work  led  to  an  increase  in  the  nitrogenous  materials 
excreted  in  the  urine — an  increase  that  disappeared  when  the 
work  was  lessened,  and  that  these  results  ensued  with  food  rich 
or  poor  in  proteids.  But  it  may  be  stated  generally  that  'muscle  wo7'k 
does  not  jyroduce  any  increase  in  the  elimination  of  nitrogen,  unless 
the  swpply  of  carbohydrates  for  the  'purpose  fails.  During  the  day 
there  is  an  average  excretion  of  1*4  gram  per  hour,  and  during  the 
night  1-07  gram  (E.  Smith).  An  elevated  temperature  lowers  the 
amount  of  urea ;  on  the  other  hand,  an  hour's  immersion  in  a  bath 
at  39*5°  increased  the  urea  one-third  (Schleich). 

4.  Influence  of  Ditigs. — While  diuretics  increase  the  amount  of 
water  they  do  not  necessarily  augment  the  urea.  Thus  alcohol  and 
digitalis  in  sufficient  doses  diminish  the  urea.  A  similar  diminution 
is  effected  by  mercurial  preparations.  Phosjihorus  in  poisonous  doses 
lessens  the  urea,  producing,  after  a  time,  fatty  degeneration  of  the 
kidney.  Arsenic  and  alcohol  are  said  to  produce  a  similar  result,  but 
the  action  is  both  slower  and  weaker.  Phosphorus  as  well  as  arsenic 
probably  induce  a  temporary  increase,  for  after  a  subcutaneous  injec- 
tion of  phosphorus  in  olive  oil  the  urea  is  found  augmented  (Caze- 
neuve).  Sidphate  of  quinine  first  lessens  the  uric  acid  and  then  the 
urea ;  but  the  ingestion  of  2  grams  in  24  hours  raised  the  elimination 
by  4  grams  (Meyer  and  Oppenheim).  The  urea  is  also  increased  by 
the  mineral  acids  and  by  excess  of  the  alkaline  chlorides. 

5.  Pathologically  it  is  both  diminished  and  increased,  a  diminu- 
tion indicating  either  a  lessened  activity  in  protein  metamorphoses  or 
a  retention  of  urea  in  the  body. 

(a)  The  amount  is  diminished  in  profuse  sweating,  diarrhoea, 
cholera,  or  any  prolonged  discharge  from  the  body;  in  certain 
diseases  of  the  kidneys,  specially  in  the  later  stages  of  chronic 
Bright's  disease ;  in  most  chronic  maladies  or  cachectic  conditions,  as 
in  anaemia,  leukaemia,  osteomalacia,  gout,  and  chronic  rheumatism  ; 
during  the  period  of  remissions  of  high  fevers  ;  in  severe  neuralgia 
and  certain  other  neuroses,  as  melancholia,  hysteria,  and  catalepsy ; 
in  some  diseases  of  the  liver,  especially  acute  yellow  atrophy;  and  in 
lepra,  pemphigus,  &c. 

{h)  It  is  increased  at  the  beginning  of  the  crisis  in  fevers,  more 
or  less  in  proportion  to  the  elevation  of  temperature — this  is  well 
marked  in  typhus.  In  intermittent  fevers  the  urea  and  extractives 
increase  before  the  setting  in  of  the   cold   stage,   and  attain  their 
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maximum  at  the  beginning  of  the  hot  stage.  In  pneumonia  it 
increases  during  the.febrile  period,  40  to  70  grams  being  eliminated 
daily,  but  after  about  the  fifth  day  the  amount  generally  falls  to  25  to 
28  grams.  In  diabetes  more  urea  is  excreted  than  by  a  healthy 
person  on  the  same  diet,  and  in  an  amount  containiug  more  nitrogen 
than  can  be  accounted  for  by  the  food  ingested ;  an  increased  con- 
sumption must  therefore  occur  in  the  albumin  of  the  tissues,  and  the 
urea  may  rise  to  150  grams  (2,315  grs.) 

An  increase  is  also  seen  in  meningitis,  pleurisy,  acute  tuberculosis, 
acute  rheumatism  with  endocarditis,  pyaemia,  and  hepatic  congestion  ; 
temporarily  also  during  the  absorption  of  transudations  and  after 
bleeding.  In  phthisis  more  nitrogen  may  be  eliminated  in  the  urea 
than  is  present  in  the  food  consumed  (Oppenheim). 

When  the  urine  is  not  secreted,  or  if  secreted  is  retained  in  any 
way,  either  from  removal  of  the  kidneys  or  occlusion  of  the  ureters,  &c., 
its  constituents  accumulate  in  the  blood  and  organs.  After  a  time 
the  condition  termed  unmnia  is  develo])ed,  not  solely,  be  it  remembered, 
as  the  result  of  the  retention  of  urea  or  its  factors  in  the  system,  but 
also  in  part  from  the  retention  of  the  extractives  and  salts,  such  as 
the  phosphates  and  sulphates  of  potash,  &c.  In  uraemia  the  muscles 
and  nerves  are  affected,  a  sense  of  fatigue,  muscular  debility,  and 
great  drowsiness  being  established,  and  finally  coma  terminating  in 
death,  these  symptoms  being  generally  accompanied  by  vomiting, 
cramps,  and  convulsions. 

Zalesky's  experiments  appear  to  show  that  the  muscular  debility 
and  somnolence  are  the  only  constant  symptoms,  and  that  these  are 
not  dependent  on  the  changes  resulting  from  the  decomposition  of 
urea  into  ammonium  carbonate,  as  suggested  by  Munk.  Instead  of  an 
accumulation  of  urea  or  excess  of  carbonic  acid  or  ammonic  carbonate 
in  the  blood  and  tissues  Oppler  and  Zalesky  found  a  marked 
accumulation  of  kreatin  or  kreatinin.  But  other  observers  have 
noted  an  increase  of  the  urea  in  the  24  hours  of  0  026  to  0'206  and 
0-276  per  cent.;  the  results  being  the  same  whether  the  kidneys 
were  removed  or  the  ureters  tied,  as  the  distension  of  the  tubules  in 
the  latter  case  soon  rendered  the  epithelium  incapable  of  performing 
its  functions  (Grehant,  Gscheidlen).  Part  of  the  urea  that  is 
))oured  out  in  some  of  these  cases  into  the  intestine  is  very  probably 
decomposed  into  ammonic  carbonate,  and  possibly  accounts  for  the 
cramps  and  vomiting.  In  the  vomit  and  stools  of  cholera  carbonate 
of  ammonia,  most  likely  derived  in  this  way,  is  often  present  in 
abundance. 
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CHAPTER  VII. 

QUANTITATIVE  DETERMINATION  OF  UREA. 

In  any  quantitative  or  volumetric  analysis  of  the  urine,  as 
this  fluid  varies  so  much  in  composition  at  different  times  of 
the  day  and  night,  owing  to  the  varying  conditions  of  alimen- 
tation, exercise,  &c.,  the  experiments  to  be  of  value  should  be 
made  with  portions  of  the  mixed  total  urine  passed  in  the  24 
hours.  To  collect  the  urine,  vessels  of  two  litres'  capacity  are 
generally  sufficient,  unless  in  cases  of  diabetes  mellitus.  If 
sediments  form  the  supernatant  liquid  is  employed. 

A.  Liebig's  Method  {Titration  luith  Mercuric  Nitrate). 

In  this  method  the  mixture  of  urine  and  baryta  is  not  neu- 
tralised during  the  addition  of  the  mercuric  nitrate,  and  the  end 
of  the  reaction  is  determined  by  allowing  a  drop  of  the  mix- 
ture to  run  into  a  drop  of  saturated  solution  of  sodic  carbonate 
on  a  white  tile,  10  c.c.  of  Liebig's  solution — made  by  dissolving 
71*5  grams  mercury  in  nitric  acid  and  diluting  up  to  a  litre  — 
being  equivalent  to  O'l  gram  urea. 

A.  Principle  of  the  Method. — If  to  a  dilute  solution  of 
urea  (about  2  per  cent.)  a  weak  mercuric  nitrate  solution  is 
added,  an  abundant  white  precipitate  is  formed,  having  the 
composition  (CON2H4)2Hg(N03)2  -f  3HgO,  and  containing  urea 
and  mercuric  oxide  in  the  proportion  of  10  to  72  ; — 

(C0N.,HJ2  =  120 
Hg(N03)2  =  216HgO 
3HgO  =  648. 

Accordingly  a  solution  of  72  grams  of  mercuric  oxide  in 
nitric  acid  and  diluted  to  1,000  c.c.  should  exactly  precipitate  a 
solution  containing  10  grams  of  urea.  2CON2H4  +  4Hg(N03)2 
f  SH^O  =  [2CON,H/N03)2Hg  +  3^TgO]  +  6HNO3.  A  solu- 
tion of  sodic  carbonate  gives  a  yellow  precipitate  with  mercuric 
oxide.  If  therefore  a  portion  of  the  mixtm*e  of  the  urea  and 
mercuric  nitrate  is  removed  and  tested  from  time  to  time  with 
the  sodic  carbonate,  only  a  white  precipitate  will  be  obtained 
until   the  whole  of   the   urea    has   been   combined   with  the 
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mercuric  nitrate,  and  an  excess  of  the  latter  is  present ;  when 
this  occurs  a  little  of  the  mixture  tested  with  sodic  carbonate 
will  give  the  yellow  precipitate.  To  obtain  this  reaction,  how- 
ever, a  slight  excess  of  the  mercuric  nitrate  must  be  present, 
according  to  LiEBiG  5*2  milligrams  for  every  c.c.  of  the  mercuric 
solution,  or  5*2  grams  for  the  litre.  Therefore,  so  that  each  c.c. 
of  the  mercuric  nitrate  solution  should  correspond  to  10  milli- 
grams of  urea  and  give  the  yellow  reaction  with  the  sodic 
carbonate  indicator,  72  +  6'2  =  77*2  grams  mercuric  oxide 
should  be  present  in  each  litre. 

The  following  liquids  and  pieces  of  apparatus  are  neces- 
sary :— 

(1)  J.  "meTCiiric  nitrate  solution  oi -^hich.  1  c.c.  =  0*01  gram 
or  10  milligrams  urea. 

(2)  A  baryta  mixture  consisting  of  cold  saturated  solution 
of  baric  hydrate  (2  vols.)  and  of  baric  nitrate  (1  vol.) 

(3)  A  moderately  dilute  solution  of  sodic  carbonate  or  bi- 
carbonate to  act  as  indicator. 

(4)  A  white  'porcelain  plate^  upon  which,  or  on  a  piece  of 
glass  resting  on  a  black  background,  drops  of  the  sodic  carbonate 
solution  are  to  be  placed. 

(5)  A  Mohr's  burette, 

(6)  Three  pipettes,  one  to  contain  10  c.c.  for  the  baryta 
mixture ;  the  second,  1 5  c.c.  to  measure  the  filtrate  after  the 
precipitation  of  the  phosphates  ;  and  the  third,  20  c.c.  to  deliver 
the  urine. 

B.  Preparation  of  the  Mercuric  Nitrate  Solution. — The 
red  oxide  is  much  more  difficult  to  dissolve  than  the  yellow 
oxide,  so  the  latter  may  be  used  in  preference.  The  oxide  is 
to  be  dried  for  some  hours  in  a  porcelain  dish  over  a  water  bath, 
77*2  grams  of  it  weighed  and  dissolved  with  the  aid  of  heat 
in  as  little  dilute  nitric  acid  (about  equal  parts  of  water  and 
acid)  as  possible,  fresh  acid  being  added  as  required  until  the 
solution  is  completed.  Excess  of  acid  is  next  to  be  expelled 
by  evaporating  the  solution  to  a  syrupy  consistence,  and  a  little 
distilled  water  added ;  more  and  more  water  is  gradually  mixed 
with  it,  and  then  the  whole  is  to  be  made  up  to  1,000  c.c.  with 
distilled  water.  Often  some  basic  nitrate  separates  when  the 
dilution  is  made,  but  this  is  less  likely  to  occur  if  the  water  is 
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added  very  slowly  at  first ;  if  it  does  occur  the  basic  nitrate  should 
be  allowed  to  settle,  and  after  the  supernatant  fluid  has  been 
decanted  a  few  drops  of  nitric  acid  are  added  to  the  former  and 
heat  applied.  The  solution  thus  obtained  is  returned  to  the 
rest  of  the  solution,  which  is  to  be  made  up  to  500  c.c.  with 
distilled  water,  then  laid  aside  for  12  hours,  and  the  remaining 
500  c.c.  water  added  in  whole  or  in  part,  and  then  well  shaken. 

Titration  of  the  Mercuric  Solution,  1.  Preparation  of 
2  per  Gent,  Urea  Solution,  — Place  some  commercial  urea  in  a 
porcelain  dish  and  add  to  it  absolute  alcohol,  keeping  the  urea 
in  excess,  so  that  a  little  of  it  remains  undissolved  ;  then  heat 
over  a  water  bath,  filter  the  alcoholic  solution  and  let  it 
cool ;  after  24  hours  pour  off  the  supernatant  liquid  from  the 
deposited  crystals  and  dry  them  on  filter  paper.  Place  2  J  grams 
in  a  watch  glass  over  some  sulphuric  acid  under  the  receiver  of 
an  air  pump,  exhaust,  and  w^eigh  after  24  hours ;  if  any  loss  of 
weight  occurs  leave  the  urea  under  the  exhausted  receiver  for 
another  24  hours.  Now  weigh  2  grams,  and  having  dissolved  it  in 
a  little  water  make  up  the  solution  to  100  c.c.  with  more  water. 

When  pure  urea  can  be  had  take  2  grams  of  it  that  has 
been  dried  at  100°,  and  dissolve  in  100  c.c.  distilled  water. 

2.  Measure  10  c.c.  of  the  above  urea  solution  into  a  small 
beaker,  and  from  a  Mohr's  burette  let  18  c.c.  mercuric  solution 
flow  into  it;  stir  it  rapidly  with  a  small  glass  rod,  and  by 
means  of  the  rod  bring  a  drop  of  the  mixture  into  contact  with 
a  drop  of  the  dilute  sodic  carbonate  solution  spread  out  on  the 
white  porcelain  or  glass ;  if  only  a  white  colour  appears  at  the 
point  of  contact,  then  add  an  additional  c.c.  of  the  mercuric 
solution,  and  after  mixing  again  remove  another  drop  and  test 
as  before.  If  a  yellow  colour  at  once  appears  at  the  line  of 
contact  of  the  tw^o  drops  the  whole  of  the  urea  has  been  pre- 
cipitated, and  we  have  ascertained  that  19  c.c.  mercuric  solu- 
tion =  10  c.c.  urea  solution. 

Eepeat  the  experiment,  allowing,  however,  only  18*5  c  c. 
mercuric  solution  to  flow  into  10  c.c.  urea  solution,  and  test  as 
before.  If  no  yellow  colour  appears  at  once  on  the  contact 
of  the  drops,  then  so  far  the  first  experiment  has  been  con- 
firmed ;  and  the  process  may  be  repeated  to  ensure  accuracy, 
adding  the  1 9  c.c.  at  once. 
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It  is  necessary  now  to  dilute  the  mercuric  solution  so  that 
20  c.c.  (instead  of  19)  =  10  c.c.  urea  solution. 

19  :  1  =  1000  :  X,  x-  b2'^.  We  therefore  add  52-6  c.c. 
to  1,000  c.c.  mercuric  solution  and  shake  well.  (Of  course,  if 
the  mercuric  solution  has  been  made  up  to  800  or  900  c.c. 
instead  of  1,000  c.c,  this  must  be  borne  in  mind  in  making 
the  calculation.)  The  solution  now  is  of  such  a  strength  that 
10  c.c.  =  O-l'gram  urea.  It  can  be  preserved  a  long  time  if 
kept  in  well-filled  stoppered  bottles. 

c.  Titration  of  the  Urea  in  Urine,  Separation  of  the 
Phosphates. — Add  a  few  drops  of  the  mercuric  nitrate  to  a  solu- 
tion of  phosphate  of  soda,  and  a  white  precipitate  will  be 
formed.  Now  the  urine  contains  phosphates,  which  we  see 
precipitate  mercuric  nitrate.;  therefore  before  attempting  the 
estimation  of  urea  by  means  of  the  standard  mercuric  solution 
the  phosphates  must  first  be  separated.  This  is  effected  by 
adding  to  the  urine  half  its  volume  of  the  baryta  mixture. 

Baryta  Mixture. — This  is  prepared  by  boiling  one  part 
caustic  baryta  (BallgO^  +  8H2O)  with  10  parts  of  water,  then 
allowing  the  solution  to  cool  and  decanting.  The  solution  of 
the  nitrate  of  baryta  is  made  in  the  same  way  ;  the  two  solu- 
tions thus  prepared  are  mixed  in  the  proportion  of  two  parts  of 
the  caustic  baryta  to  one  part  of  the  nitrate. 

Process. — Measure  20  c.c.  of  the  urine  in  a  small  clean  and 
dry  beaker,  and  add  to  it  10  c.c.  baryta  mixture  ;  stir  well 
together  and  in  a  few  minutes  throw  upon  a  dry  filter,  collect- 
ing the  filtrate  in  another  clean  and  dry  beaker.  (It  is  more 
advantageous  to  measure  out  40  c.c.  of  the  urine  at  once,  and  to 
add  to  it  20  c.c.  of  the  baryta  mixture.  By  acting  in  this  way 
there  will  be  sufficient  filtrate  for  the  two  experiments  re- 
quired.) Take  15  c.c.  of  the  filtrate,  corresponding  to  10  c.c. 
urine,  and  having  placed  a  series  of  drops  of  the  sodic  car- 
bonate solution  upon  the  white  plate  allow^  the  mercuric  nitrate 
to  flow  from  a  Mohr's  burette,  in  small  quantities  at  a  time, 
into  the  urine  filtrate,  having  first  noted  the  upper  level  of  the 
fluid  in  the  burette.  After  each  addition  stir  briskly  with  a 
small  glass  rod,  and  when  a  distinct  precipitate  no  longer  seems 
to  form  rempve  a  drop  of  the  contents  on  the  end  of  the  rod, 
and  bring  it  in  contact  with  one  of  the  drops  of  sodic  carbonate. 
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The  addition  of  the  mercuric  nitrate  is  to  be  continued  and  the 
mixture  tested  as  before  until  a  distinct  yellow  colour  imme- 
diately appears  at  the  point  of  junction  of  the  two  drops.  The 
amount  of  mercuric  nitrate  added  is  then  to  be  read  off  and 
the  experiment  repeated ;  but  now  the  greater  part  of  the 
mercuric  nitrate  required  is  to  be  added  at  once  ;  thus  :  if,  say, 
in  the  first  experiment  18  c.c.  were  added  before  the  yellow 
reaction  was  obtained,  in  the  second  experiment  add  16  or  17  c.c. 
at  once  before  testing  with  the  sodic  carbonate ;  and  if  in  the 
second  experiment  the  end  reaction  is  obtained  with  17-5  c.c, 
then  the  urine  contains  17'5  grams  urea  in  the  litre,  or 
1*75  per  cent. 

Necessary  Corrections.  I.  More  than  2  per  Cent.  Urea. — As  the 
mercuric  nitrate  solution  has  been  prepared  to  titrate  solutions  of 
urea  coutaining  about  2  per  cent.,  if  the  urine  contains  much  more  or 
much  less  certain  corrections  are  required  before  calculating  the 
percentage.  We  know  that  to  obtain  the  end  reaction  with  the  sodic 
carbonate  an  excess  of  5*2  grams  mercuric  oxide  must  be  present  in 
the  normal  solution  which  has  been  titrated  with  the  2  per  cent,  urea 
solution.  If,  however,  we  are  dealing  with  a  urine  containing,  say, 
4  per  cent,  urea,  then  too  great  an  excess  will  he  present  when  the 
terminal  reaction  is  obtained.  Accordingly  we  should  in  such  a  case, 
before  testing  with  the  sodic  carbonate,  add  to  the  mixture  half  the 
number  of  c.c.  of  water  that  have  been  added  of  mercuric  nitrate 
above  20  c.c.  Suppose  30  cc.  were  required  in  the  first  experiment, 
the  excess  is  1 0  c.c. ;  then  5  c.c.  water  must  be  added  before  beginning 
the  second  experiment. 

II.  Less  than  2  per  Cent.  Urea. — Deduct  Od  c.c.  for  every  4  c.c. 
mercuric  solution  employed  less  than  20  c.c. 

III.  C orrection  for  Sodium  Chloride. — (j)  Let  the  student  take  a 
dilute  solution  of  sodic  chloride  (about  ^  per  cent.)  and  drop  into  it  a 
few  crystals  of  urea;  now  to  this  let  him  add  standard  mercuric 
nitrate.  No  precipitate  will  be  formed  for  some  time,  or  if  a  white 
precipitate  appears  it  rapidly  dissolves ;  soon,  however,  a  permanent 
precipitate  is  formed,  (ij)  Let  him  next  add  a  few  drops  of  a  solution 
of  mercuric  chloride  (HgCla)  to  an  acid  solution  of  urea,  and  he  will 
notice  that  no  precipitate  appears.  Urea,  then,  is  precipitated  by 
mercuric  nitrate,  but  not  by  mercuric  chloride  in  an  acid  solution ; 
and  the  precipitation  is  interfered  with  by  the  presence  of  sodium 
chloride,  owing  to  the  formation  of  mercuric  chloride  by  the  decom- 
position of  the  mercuric  nitrate.     And  so  long  as  any  sodium  chloride 
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remains  no  precipitate  of  urea  will  occur.  As  the  urine  normally 
contains  sodium  chloride  some  correction  must  therefore  be  made  for 
it.  In  accurate  estimations  the  amount  of  this  salt  present  should  be 
estimated  by  a  separate  experiment ;  but  for  ordinary  purposes,  and 
particularly  with  urines  not  proceeding  from  cases  of  fever  or  pneu- 
monia, the  correction  may  be  applied  of  deducting  1*5  c.c.  to  2  c.c. 
from  the  total  c.c.  of  mercuric  nitrate  solution  employed.  In  some 
acute  diseases,  on  the  other  hand,  no  correction  requires  to  be  em- 
ployed at  all,  dn  account  of  the  small  amount  of  sodium  chloride 
present  in  the  urine  in  these  cases. 

The  chloride  raay  also  he  jirst  sej)ar cited  hy  means  of  the  addiiicn 
of  silver  nitrate.  The  solution  is  prepared  by  dissolving  29*075 
grams  fused  silver  nitrate  in  1  litre  distilled  water  (1  c.c.=0-01  NaCl). 
Process :  (j)  Take  20  c.c.  of  the  urine,  and  having  placed  it  in  a 
small  flask  containing  40  c.c.  up  to  a  mark  in  its  neck,  add  a  few 
drops  neutral  potassic  chromate  (K2Cr04),  and  allow  the  silver 
nitrate  to  flow  in  with  frequent  stirring  until  a  permanent  dark  red 
coloration  shows  itself,  indicating  the  disappearance  of  the  chloride. 
The  mixture  is  then  to  be  made  up  to  40  c.c.  with  water  and  thrown 
on  a  dry  filter.  The  filtrate  is  to  be  titrated  in  the  ordinary  way, 
20  c.c.  being  equal  to  10  c.c.  urine,  (ij)  Or,  having  ascertained  the 
number  of  c.c.  silver  solution  necessary  to  precipitate  the  chlorides  in 
20  c.c.  urine,  add  15  c  c.  baryta  mixture  to  30  c.c.  urine,  and  to  30  c.c. 
of  the  filtrate  add  the  necessary  amount  of  silver  nitrate  solution  (to 
precipitate  the  chlorides  in  the  20  c.c.  of  urine) ;  this  done,  filter  and 
titrate  the  filtrate  with  the  mercuric  nitrate.  Correction  must  here  be 
made  for  dilution. 

The  titration  with  the  mercuric  nitrate  may  also  be  performed 
at  once  without  a  previous  removal  of  the  silver  chloride  precipitate. 

(iij)  Instead  of  precipitating  the  chlorides  two  portions  of  the 
urine  filtrate  may  be  taken  of  15  c.c.  each.  Neutralise  one  of  them 
with  nitric  acid,  and  cautiously  add  the  mercuric  solution  until  a 
distinct  cloud  is  produced.  The  other  portion  is  to  be  titrated  in  the 
usual  way,  but  before  making  the  calculation  deduct  the  number 
of  c.c.  required  in  the  previous  experiment  to  produce  the  cloudy 
precipitate. 

IV.  Pathological  Urine,  (a)  Presence  of  Albumin. — If  in  con- 
siderable amount  the  albumin  should  be  separated  before  employing 
Liebig's  process.  This  can  readily  be  done  by  boiling  100  c.c.  of  the 
urine  for  10  minutes  or  so  in  a  porcelain  dish,  after  the  addition  of 
three  or  four  drops  of  strong  acetic  acid,  filtering  when  cool,  and 
washing  the  precipitate  so  as  to  make  the  filtrate  up  to  100  c.c.  It 
is  then  ready  for  titration  when  the  phosphates  have  ]>ecn  removed 
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by  the  baryta  m-'xture  in  the  ordinary  way.    A  little  urea  is  probably 
lost  in  the  process. 

(b)  The  Urine  is  Ammoniacal. — Urea,  we  have  seen,  decomposes 
readily  into  ammonium  carbonate.  If  the  decomposition  has  not 
proceeded  fiir  fairly  accurate  results  will  be  obtained  by  direct  titra- 
tion ;  but  if  much  ammonia  is  present  it  will  be  necessary  to  make 
two  estimations,  one  of  the  ammonium  carbonate  and  one  of  the 
urea  still  present  in  the  urine,  the  ammonium  salt  having  been 
previously  expelled  by  boiling  the  urine  for  some  time. 

The  ordinary  alkalimetric  process  is  employed  in  determining  the 
ammonic  carbonate,  normal  sulphuric  acid  (49  grams  to  1,000  c.c. 
water)  being  employed.  50  c.c.  of  the  nrine  are  taken,  a  few  drops 
of  litmus  solution  added,  and  the  acid  allowed  to  flow  in  from  a 
burette  till  a  permanent  red  is  obtained.  To  expel  the  liberated 
carbonic  acid  the  whole  should  be  boiled,  and  if  the  blue  colour  re- 
appears the  addition  of  the  acid  is  repeated.  Each  c.c.  of  the  acid 
corresponds  to  003  gram  urea.  50  c.c.  urine  requires,  say,  2*5  c.c. 
normal  acid,  therefore  100=5,  and  as  each  c.c.  of  the  acid  =  0-03, 
5  c.c. =0*1 5  percent,  urea.  This  is  to  be  added  to  the  urea  found 
by  the  direct  titration  with  mercuric  nitrate.  Before  doing  the  latter 
40  c.c.  of  the  urine  are  to  be  treated  with  20  c.c.  baryta  mixture 
in  the  ordinary  way,  and  the  filtrate  boiled  for  some  time,  the  loss  by 
evaporation  being  made  up  by  the  addition  of  water.  More  accurate 
results,  however,  are  obtained  by  mixing  40  c.c.  urine  with  20  c.c. 
baryta  mixture,  and  then  distilling,  the  ammonia  evolved  being  col- 
lected in  some  normal  sulphuric  acid,  which  is  afterwards  titrated 
with  normal  soda  solution. 

(c)  In  addition  to  the  error  from  the  presence  of  sodium  chloride, 
Liebig's  process  is  liable  to  another  error  from  the  urine  containing 
certain  bodies  that  precipitate  the  mercuric  nitrate.  This  may  occasion- 
ally require,  even  in  healthy  urine,  a  correction  amounting  to  2,  3,  or 
even  4  per  cent.  (Kletzinsky),  and  in  certain  diseases  it  may  rise 
much  higher.  But  the  error  is  compensated  for  to  a  certain  extent 
by  the  diminished  amount  of  sodium  chloride  present  in  many  of 
these  cases. 

(j)  The  urine  may  contain  hucln  and  tyrosin.  If  much  of  these 
bodies  is  present,  as  in  acute  yellow  atrophy  of  the  liver,  it  is  better 
to  estimate  the  urea  by  one  of  the  methods  given  subsequently  for  the 
determination;  as  the  mercuric  nitrate  is  precipitated  by  leucin  and 
tyit)sin. 

(ij)  The  .accuracy  of  the  process  is  interfered  with  by  the  presence 
of  acetamid,  sarcosin,  glycocin,  and  taurin. 

(iij)  The    process  is  not  accurately  applicable  after  the  use  of 
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large  doses  of  salts  of  potash,  iodine,  bromine,  and  chlorine,  all  of 
which  act  more  or -less  in  the  same  way  as  sodium  chloride.  Lai'ge 
doses  of  salicylic  and  benzoic  acid  are  likewise  detrimental. 

(iv)  The  presence  of  kryptoplianic  acid,  which  precipitates  mer- 
curic nitrate,  is  said  sometimes  to  interfere  with  Liebig's  process  to 
the  extent  of  5  to  10  per  cent.  (Thudichum). 

As  a  rule  when  one  of  these  bodies  is  present  in  any  quantity  it 
is  best  to  resort  to  Bunsen's  or  Hufner's  process,  although  fairly 
accurate  results  will  be  obtained  by  first  precipitating  the  urine  v/ith 
neutral  acetate  of  lead,  and  subsequently  removing  excess  of  lead 
from  the  filtrate  by  a  current  of  sulphuretted  hydrogen.  The  filtrate 
thus  obtained  is  warmed  for  some  time,  to  drive  off  the  hydric 
sulphide,  and  then  titrated  in  the  usual  way. 

Modifications  of  the  Process. — 1 .  Draggendohff  recommends 
the  use  of  the  chloride  (HgClg)  insitead  of  the  oxide.  Dissolve 
96'855  grams  in  water,  precipitate  with  dilute  caustic  soda  or 
potash,  thoroughly  wash  the  precipitate  by  decantaticn,  and 
having  carefully  dissolved  it  in  nitric  acid  dilute  nearly  to 
1,000  c.c.  and  titrate  with  urea  solution  (2  per  cent.)  in  the 
ordinary  way. 

2,  HOPPE  Seyler  allows  the  mercuric  nitrate  to  flow  slowly 
into  the  urine  until  precipitation  appears  to  have  ceased,  and 
then  he  nearly  neutralises  the  free  acid  with  sodic  carbonate ; 
a  drop  of  the  mixture  is  next  brought  in  contact  with  a  drop  of 
bicarbonate  of  soda  solution  in  a  watch  glass  placed  over  black 
paper.  This  neutralisation  is  effected  from  time  to  time  so  as 
to  maintain  a  tolerably  constant  degree  of  alkalinity.'  10  c.c. 
of  Liebig's  solution  are  taken  as  =  0*1031  gram  urea. 

S.'Neubauer  and  Voit  do  not  neutralise  with  carbonate  of 
soda,  and  the  end  reaction  is  determined  as  in  the  original 
process,  but  they  regard  10  c.c.  of  Liebig's  mercuric  nitrate 
solution  as  equivalent  to  0*1183  gram  urea. 

4.  PFLiJGER  considers  that  the  fluid  should  be  neutralised 
from  time  to  time  as  the  mercuric  nitrate  is  added.  This  he 
effects  by  using  a  solution  of  sodic  carbonate  containing  53 
grams  in  the  litre.  The  carbonate  is  readily  obtained  by  heat- 
ing the  bicarbonate  for  some  time  over  a  sand  bath.  As  the 
indicator  he  uses  the  bicarbonate.  Instead  of  the  oxide 
Pfluger    recommends  the  use  of  pure  mercury,  71*5  grams 
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of  which  can  readily  be  measured  by  means  of  one  of  his  tubes  ; 
or  if  only  impure  mercury  is  employed,  a  solution  of  empirical 
strength  is  first  prepared,  and  this  diluted  until  it  possesses  a 
sp.  gravity  of  1*0998  at  20-5°.  Then  by  a  preliminary  experi- 
ment, say  after  Hoppe  Seyler's  method,  the  amount  of  mercuric 
nitrate  is  approximately  obtained ;  in  the  second  experiment 
this  amount,  minus  1  to  2  c.c,  is  poured  in,  the  sodic  carbonate 
solution  then  added  so  as  to  neutralise  the  free  acid,  and  the 
titration  completed.  A  correction  is  also  made  for  the  continual 
dilution  of  the  fluids.  Under  these  circumstances  he  finds 
10  c.c.  Liebig's  solution  to  be  equivalent  to  0*099  gram  urea. 

If  the  urine  is  too  concentrated  it  is  to  be  diluted,  while 
if  it  contains  much  less  than  2  per  cent,  urea  the  following 
correction  is  applied :  From  the  sum  of  the  urea  solution  and  of 
the  soda  solution  employed  in  the  neutralisation  the  number 
of  c.c.  of  mercuric  solution  employed  are  to  be  subtracted ;  the 
difference  thus  obtained  multiplied  by  0*08  will  give  the  true 
number  of  c.c.  of  the  mercuric  solution.  Suppose  20  c.c.  of  a 
urine  or  a  solution  of  urea  containing  1  per  cent,  require  21  c.c. 
mercuric  nitrate  to  give  the  terminal  reaction,  and  that  the 
sodic  carbonate  solution  required  for  neutralisation  amounts  to 
13*95  c.c;  the  sum  of  these  =  33*95;  subtract  from  this  the 
21  c.c.  of  mercuric  nitrate,  33*95  —  21  =  12*95  c.c. ;  this  multi- 
plied by  0*08  =  1*036,  or  in  round  numbers  1.  If  this  is  taken 
from  the  mercuric  nitrate,  20  c.c.  will  represent  the  corrected 
amount  of  mercuric  nitrate  required. 

B.  Estimation  of  Urea  by  its  Conversion  into  Nitrogen  Gas. 

This  method  is  founded  on  the  decomposition  of  the  urea  by 
the  action  of  such  a  body  as  a  hypobromite  :  CONgH^  +  3NaBrO 
=  C02  4-N2  +  2H20-|- 3NaBr.  1  gram  urea  contains  theoreti- 
cally 0*4666  gram  of  nitrogen  =  372*7  c.c.  In  practice,  how- 
ever, when  the  urea  is  decomposed  by  the  action  of  hypobro- 
mites,  only  354*3  c.c.  are  obtained.  This  decomposition  method 
therefore  gives  results  that  are  about  8  per  cent,  less  than  the 
total  nitrogen  present.  But  urine,  as  we  have  seen,  contains 
several  other  nitrogenous  constituents,  such  as  urates  and 
kreatinin,  which  yield  up  a  small  proportion  of  their  nitrogen. 
For  ordinary  purposes  this  may  be  disregarded,  but  if  required 
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these  bodies  can  be  separated  by  precipitation  of  the  kreatinin 
with  an  alcoholic  'solution  of  chloride  of  zinc,  and  the  urates  by 
acetate  of  lead  followed  by  sodic  phosphate  (Yvon). 

The  decomposition  is  generally  effected  in  a  graduated 
tube  in  which  the  resulting  nitrogen  is  measured,  the  car- 
bonic acid  evolved  being  absorbed  by  the  free  caustic  soda 
that  is  always  present  in  the  bro- 
mine liquor;  and  it  is  advisable 
to  reduce  the  urine  to  be  experi- 
mented on  as  nearly  as  possible 
to  1  per  cent.  urea.  If  much 
albumin  is  present  filter  the  urine 
after  having  added  a  few  drops  of 
acetic  acid  and  boiled.  Sugar 
does  not  materially  interfere  with 
the  process  ;  but  a  diabetic  urine 
evolves  nearly  all  the  nitrogen  of 
its  urea,  instead  of  8  per  cent, 
less— a  fact  that  should  be  kept 
in  mind  in  comparing  the  results 
obtained  with  those  given  by  a 
non-saccharine  urine. 

A  great  many  different  forms 
of  apparatus  have  been  proposed 
and  recommended,  but  only  three 
of  these  will  be  here  described — 
HiJFNER's,  Russell  and  West's, 
and  Simpson's. 

I.  Knop  and  HiIfner's  Me- 
thod.— The  bromine  liquor  is 
prepared  by  placing  70  c.c.  caus- 
tic soda  (about  30  per  cent.) 
in  a  well-stoppered  bottle  with  180  c.c.  water  and  5  c.c.  bro- 
mine, 2NaHO-f-Br2  =  NaBr  +  NaBrO  +  H20.  The  mixture  is 
well  shaken  and  laid  aside,  but  it  spoils  by  keeping,  the  hypo- 
bromite  rapidly  changing  into  the  bromate. 

Process. — The  piece  a  h  is  first  washed  out  with  alcohol  and 
ether  and  allowed  to  dry.  Then  by  means  of  a  long  pipette 
the  space  a  (including  the  aperture  of  the  stopcock),  which  is 
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graduated  to  contain  5  c.c.  as  nearly  as  possible,  is  to  be  filled 
with  the  urine.  The  stopcock  is  then  closed,  and  h  filled  with 
the  hypobromite  solution.  The  upper  narrow  end  of  h  is  now 
to  be  passed  through  the  cork  in  the  bottom  of  the  shallow  dish 
G ;  into  this  latter  is  poured  some  strong  solution  of  common 
salt,  so  as  to  cover  the  upper  aperture  of  h.  The  graduated 
tube  d  is  next  filled  with  some  of  the  same  salt  solution,  and 
inverted  over  the  mouth  of  h  and  fixed  there  by  means  of  a 
clamp.  All  having  been  thus  prepared,  the  stopcock  is  opened, 
and  immediately  the  hypobromite  begins  to  mix  with  the  urine, 
and  nitrogen  gas  is  evolved  and  collected  in  the  receiver  d. 
The  operation  is  allowed  to  continue  for  twenty  minutes  or  so, 
the  apparatus  then  well  agitated,  and  the  receiver  d,  its  aper- 
ture being  closed  with  the  thumb,  removed  to  a  vessel  filled 
with  water,  where  it  is  to  be  attached  to  a  clamp  and  lowered 
till  the  fluid  inside  the  tube  is  on  the  same  level  as  on  the  out- 
side. Leave  for  15  minutes,  and  having  again  adjusted  the 
levels  read  off  the  amount  of  gas  present. 

To  obtain  accurate  results  the  volume  obtained  must  be  corrected 
for  temperature  and  pressure,  and  for  tension  of  aqueous  vapour. 
The  following  formula  is  employed  for  the  purpose  : — 

v{h  —  w)  ^o  _-  required  volume 

"~  760  (l+0'00366«)  v  =  given  volume 

h  =  barometric  pressure 
w  =  tension  of  aqueous  vapour 
t    r=  observed  temperature. 
This  table  gives  the  tensions  of  aqueous  vapour  from  10°  to  25°  : — 

18°  =  15-351 

.  19°  =  16-345 

20°  =  17-396 

21°  -  18-505 

22°  =  19-675 

23°  =  20'909 

24°  =  22-211 

25°  =  23-682 

Example.— ZO  C.C.  gas  were  obtained  at  10°  and  750  mm.  pressure. 


10° 

= 

9-126 

11° 

= 

9-751 

12° 

= 

10-421 

13° 

= 

11  130 

14° 

= 

11-882 

15° 

= 

12677 

16° 

= 

13-519 

17° 

= 

14-409 

V' 


^  _  30  (750-9026) _30  x  740-874_22226-22 


7G0  (1+0-00366  x  10)     760  x  1-0366     7cS7-816 

/.  ^0=28-2  c.c.  ;  and  as  1  gram  urea  =  354*3  c.c.  nitrogen,  therefore 
(354-3  :  l  =  28-2  :  x)  a;  =  00792  gram  urea.      The  amount  of  urine 


» 
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contained  in  a=5*5  c.c. ;    accordingly  the  percentage  of  the  urea  is 
5*5  :  0*0792=100  ^;z;;  therefore  £6'=l-44  per  cent. 

II.  KussELL  and  West's  Apparatus  consists  of  a  decom- 
posiDg  tube  9  inches  long  and  |  inch  wide.  At  its  closed  end 
it  is  blown  into  an  elongated  bulb,  which  holds  about  12  c.c. 
and  is  narrowed  considerably  where  the  bulb  begins.  The 
tube  is  fixed  with  its  bulb  downwards  into  a  metal  tray  that 
serves  as  a  pneumatic  trough,  its  mouth  being  on  a  level  with 
the  bottom  of  the  latter.  A  plug  made  of  a  glass  rod  with  a 
band  of  indiarubber  over  one  of  its  ends  is  fitted  so  as  exactly  to 
fill  up  the  constriction  at  the  mouth  of  the  bulb.  The  metal 
tray  rests  on  three  long  supports,  and  inside  it  stands  the 
measuring  tube,  which  is  of  such  a  size  as  to  fit  over  the 
mouth  of  the  decomposing  tube.  The  measuring  tube  is  so 
graduated  as  to  save  correction  for  temperature  and  pressure ; 
it  expresses  at  once  the  percentage  of  urea  in  the  5  c.c.  urine 
experimented  on.  Further,  at  a  temperature  of  about  18°  a 
compensation  of  errors  occurs,  the  tension  of  the  aqueous 
vapour  present  with  the  nitrogen,  together  with  the  expansion 
of  the  gas  itself,  nearly  counterbalancing  the  amount  of  nitrogen 
not  evolved  in  the  reaction. 

The  authors  found  that  5  c.c.  of  a  2  per  cent,  solution  of 
urea  evolved  37*1  c.c.  nitrogen  at  ordinary  temperatures  and 
pressures  ;  accordingly  0*1  gram  urea  corresponds  to  o7'l  c.c. 
This  volume  of  gas  consequently  is  taken  as  representing  2  j)er 
cent,  of  urea,  and  serves  as  the  basis  of  the  graduation  of  the 
tube. 

Hypobromite  Solution. — Dissolve  100  grams  of  caustic 
soda  in  250  c.c.  of  water,  and  add  25  c.c.  of  bromine  to  the 
solution. 

Process. — Measure  5  c.c.  of  urine  into  the  decomposing 
tube,  wash  down  the  sides  of  the  latter  with  distilled  water  so 
as  to  fill  the  bulb,  and  then  insert  the  plug  ;  th^  hypobromite 
solution  is  next  poured  into  the  tube  until  it  is  full,  and  the 
metal  trough  half  filled  with  water.  When  the  measuring  tube 
has  been  filled  with  water  and  inverted  in  the  trough,  the  glass 
plug  is  withdrawn  and  the  measuring  tube  at  once  brought 
over  the  decomposing  tube.  A  torrent  of  gas  rises  in  bubbles 
into  the  former.     The  reaction  is  generally  completed  in   15 
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minutes,  but  it  may  be  greatly  expedited  by  warming  the  bulb 
gently  with  a  spirit  lamp. 

5  c.c.  normal  urine  generally  evolve  about  30  c.c.  of  gas, 
but  some  urines  may  be  much  richer  in  m^a  and  give  a  pro- 
portionately larger  volume  of  gas ;  if  so,  it  is  then  advisable 
to  dilute  the  urine  with  an  equal  bulk  of  water,  and  to  use 
5  c.c.  of  the  diluted  fluid  in  the  analysis,  the  volume  of  gas 
obtained  being  doubled  in  making  the  calculation. 

III.  Simpson  and  O'Keefe's  Method. — The  apparatus  re- 
quired consists  of  a  wide-mouthed  bottle  a,  1|-  oz.  in  capacity, 
having  an  indiarubber  stopper  with  three  holes ;  a  bent 
pipette  h  with  its  lower  end  drawn  out  to  a  point ;  a  narrow 
tube  c  about  9  inches  long,  having  its  lower  extremity  pointed 
and  bent  upwards,  surmounted  by  a  globe  and  provided  with 
a  glass  stopcock;  a  narrow  glass  delivery  tube  with  a  pinch 
cock  at  c ;  and  a  tube  /  graduated  like  the  collecting  tube  of 
Russell  and  West's  apparatus. 

To  use  the  apparatus  fill  the  bottle  with  a  solution  of 
hypobromite  of  soda  prepared  as  in  II.,  and  fix  in  the  stopper 
with  its  three  tubes,  taking  care  to  exclude  air,  and  that  the 
ends  of  the  tubes  h  and  c  reach  to  the  bottom  ;  c  must  contain 
water  reaching  a  few  lines  higher  than  the  glass  cock.  The 
end  of  the  delivery  tube  d  is  now  plunged  just  below  the  level 
of  the  w^atev  in  the  glass  g,  a  little  hypobromite  solution 
poured  into  the  pipette  6,  and  the  pinch  cock  e  opened, 
by  which  means  the  air  is  forced  out  of  the  delivery  tube. 
The  graduated  tube  /  is  then  filled  with  water  and  brought 
over  the  end  of  the  delivery  tube.  The  analysis  can  now  be 
begun  by  measuring  5  c.c.  of  the  urine  into  the  globe  c.  By 
turning  the  stopcock  about  a  third  of  this  is  allowed  to  flow 
into  the  hypobromite  solution.  When  all  effervescence  has 
ceased  the  pinch  cock  is  opened  and  the  gas  allowed  to  flow 
into  the  graduated  tube.  The  same  operation  is  twice  repeated, 
and  then  a  little  water  added  to  wash  down  all  the  urine  into 
the  bottle.  Care  must  be  taken  not  to  let  the  urine  sink 
below  the  level  of  the  stopcock  before  the  water  is  added,  and 
the  water  in  turn  should  be  in  sufficient  quantity  not  to  sink 
below  the  same  level.  The  operation  is  completed  by  adding 
a  little  more  hypobromite  to  the  pipette   h  (into  which  some 
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hypobromite  should  always  be  poured  at  the  beginning  of  the 
analysis),  and  oftce  more  opening  the  pinch  cock.  Lastly, 
transfer  the  graduated  tube  to  a  deep  vessel  containing  water, 
and  having  brought  the  water  inside  and  outside  the  tube 
to  the  same  level,  read  off  the  volume  of  the  gas. 

Modijications  Proposed. — 1.  It  is  said  that  much  better  results 
are  obtained  by  first  mixing  the  solution  of  urea  with  caustic  soda 
and  then  adding  the  bromine  so  as  to  form  the  hypobromite  in 
presence  of  the  urea.  Experimenting  in  this  manner  99*02  to  99'9i 
per  cent,  of  the  whole  nitrogen  has  been  obtained  (Duggan).     The 


Fig.  31.— Simpson's  Urea  Apparatus. 

soda  solution  is  made  by  dissolving  20  grams  caustic  soda  in  100  c.c. 
water,  and  with  every  20  c.c.  of  this  liquid  there  should  be  used  1  c.c. 
bromine.  The  measuring  out  of  the  bromine  is  facilitated  by  intro- 
ducing a  few  drops  of  water  into  the  tube  containing  it,  which  will 
float  on  the  top  and  prevent  to  a  great  extent  the  escape  of  the 
bromine  vapour. 

2.  WoRMLEY  prepares  the  reagent  fresh  :  100  grams  soda  being 
dissolved  in  water  250  c.c,  and  25  c.c.  bromine  added  when  the 
mixture  has  cooled ;  this  reagent  is  to  be  diluted  before  use  with  a 
volume  and  a  half  of  pure  water,  and  the  urea  solution  is  to  be  added 
to  the  reagent  in  small  portions  at  a  time,  all  effervescence  being 
allowed  to  cease  before  any  further  addition  of  the  urea  ;  the  amount 
of  urea  also  is  not  to  exceed  1  part  to  about  1,200  parts  of  the  diluted 
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With  Simpson's  apparatus  I  have  obtained  most  satisfactory- 
results,  particularly  with  freshly  prepared  hypobromite  solution. 
0.  Arnold  finds  that  Hufner's  apparatus  yields  as  good  results  as 
Simpson's  only  when  the  solution  contains  1  per  cent,  of  urea:  and 
that,  compared  with  a  direct  estimation  of  the  urea  in  urine  by  soda 
lime,  Hiifner's  method  yields  results  7  per  cent,  too  low,  and  Liebig's 
process  only  0*5  per  cent,  too  low. 

C.  Other  methods  have  been  employed  for  the  estimation  of  urea, 
but  only  some  of  these  will  be  referred  to,  and  that  in  the  briefest 
possible  way.  {a)  Bunsen's  process,  which  is  very  accurate,  and 
depends  on  the  decomposition  of  urea  effected  by  barium  chloride  at 
220°,  ammonium  carbonate  being  first  formed,  which  combines  with 
the  barium  chloride.  The  carbonate  of  baryta  is  insoluble,  and  can  be 
removed  by  filtration,  dried,  and  weighed  ;  or  dissolved  in  hydro- 
chloric acid  and  precipitated  from  its  hot  acid  solution  in  the  form 
of  sulphate,  which  is  to  be  washed,  dried,  heated  on  platinum  foil, 
and  weighed.     233  parts  of  the  sulphate  correspond  to  60  parts  of  urea. 

{h)  By  the  Will-Varrentrap  method  some  of  the  urine  is  mixed 
w^ith  caustic  soda  and  heated  so  as  to  evolve  its  nitrogen  in  the  form 
of  ammonia,  which  is  collected  in  sulphuric  acid  of  known  strength. 
From  the  loss  in  acidity,  ascertained  by  titration,  the  amount  of  urea 
is  calculated. 

(c)  Heintz  and  Ragsky  determined  the  urea  by  heating  the 
urine  with  strong  sulphuric  acid,  by  which  means  sulphate  of 
ammonia  was  formed  and  carbonic  acid  evolved.  The  ammonia  was 
then  precipitated  with  platinic  chloride,  and  from  the  weight  of  the 
double  chloride  formed  the  ammonia  present  calculated. 

{d)  By  the  process  of  Ne\sUrisiny  the  urea  can  be  determined, 
10  c.c.  of  a  1  per  cent,  solution  of  urine  being  heated  to  dryness 
over  an  oil  bath  at  150"  in  a  small  retort  with  caustic  potash,  and 
then  again  aft^r  20  c.c.  ammonia-free  water  have  been  added  to 
it.  The  distillate  is  diluted  up  to  50  c.c.  and  then  Nesslerised 
(Wanklyn). 

CHAPTER   VIII. 
URIC  ACID. 

TJRIC  ACID,  C5H4N4O3;  molecular  weight  168;  containing 
33*33  per  cent,  nitrogen. — It  exists  in  the  blood  as  a  urate  and 
is  separated  as  such,  but  a  decomposition  of  this  urate  occurs 
in  the  kidneys  or  bladder,  or  more  frequently  after  emission. 
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Normally  also  it  is  met  with  in  the  spleen,  and  traces  of  it 
have  bean  found  iii  the  brain,  pancreas,  liver,  lungs,  and  heart. 
It  is  very  rich  in  the  urine  of  birds  and  reptiles,  in  which  it  re- 
places urea,  but  only  in  small  amount  in  human  urine,  although 
occasionally  presenting  itself  as  a  sandy  sediment  or  orange- 
coloured  crystalline  powder.  Although  uric  acid  can  be  made 
by  its  decomposition  to  form  urea,  and  may  therefore  be  re- 
garded as  a  less  oxidised  product  of  proteid  metabolism,  it 
cannot  be  regarded  as  a  necessary  antecedent  of  urea ;  indeed, 
it  would  rather  seem  ihat  its  formation  is  the  result  of  a 
different  metabolism  to  that  which  normally  results  in  the  pro- 
duction of  urea.  In  the  organism  of  the  domestic  hen  the 
amido-acids  pass  into  uric  acid,  as  has  been  established  in  the 
cases  of  leucin  and  tyrosin  (Knieriem)  ;  and  here  experiments 
appear  to  show  that  uric  acid  is  not  a  direct  decomposition  pro- 
duct of  albumin,  but  rather  the  result  of  a  synthesis  that  has 
its  seat  probably  in  the  spleen  (Kanke).  In  mammals  too  it 
is  still  doubtful  whether  the  uric  acid  is  a  decomposition  pro- 
duct preceding  urea,  although  it  seems  probable  that  part  of  it 
at  least  is  thus  derived. 

Quantity  Excreted. — In  the  new  born  the  quantity  is  pro- 
portionally greater  than  in  the  adult,  forming  0*13  per  cent, 
of  the  urine  passed  in  the  first  week,  then  decreasing  up  to 
0*04  per  cent.,  an  adult  secreting  on  an  average  9;^  to  10 J  grs. 
(Eanke)  in  the  24  hours,  or  about  0-03  to  0-05  per  cent,  of  the 
urine  (Parkes).  Its  excretion  is  somewhat  less  in  women 
than  in  men,  but  the  difference  among  different  individuals, 
and  even  in  the  same  individuals  is  very  great.  Its  amount 
depends  somewhat  on  the  activity  of  the  skin,  with  profuse 
perspirations  the  uric  acid  diminishing,  but  when  the  skin  is 
comparatively  inactive,  as  in  winter,  the  uric  acid  increasing 
(Fourcroy). 

It  is  increased  by  animal  food,  particularly  with  insufficient 
exercise,  and  diminished  by  vegetable  food.  It  is  also  increased 
by  muscular  fatigue  (Eanke),  although  active  outdoor  exercise 
lessens  it.  Large  doses  of  quinine  and  sodic  carbonate 
(Seegen)  reduce  its  discharge,  as  also  inhalation  of  oxygen 
(Eckart). 

G    G 
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Preparation. — (1)  Excrement  of  serpents,  Peruvian  guano,  or 
uric  acid  calculi  can  be  used.  Powder  finely,  and  after  having  ex- 
tracted with  dilute  hydrochloric  acid  boil  with  dilute  caustic  soda 
( 1  :  20  water)  as  long  as  ammonia  is  evolved ;  filter  hot,  dilute,  and 
add  some  warm  hydrochloric  acid  in  excess,  or  pass  a  current  of 
carbonic  acid  to  complete  neutralisation ;  the  uric  acid  separates  as  a 
fine  white  powder,  which  is  to  be  well  washed  with  water  and  dried. 
By  redissolving  it  in  caustic  soda  and  precipitating  again  with  hydro- 
chloric acid  it  is  obtained  comparatively  pure,  when  it  is  to  be  well 
washed  in  water  and  then  dried.  The  product  thus  obtained  is 
yellow-coloured,  but  it  can  be  rendered  colourless  by  dissolving  it  in 
strong  sulphuric  acid  and  then  precipitating  with  water. 

(2)  To  prepare  it  from  human  urine  add  to  this  one-fifth  its 
volume  of  hydrochloric  acid,  which  decomposes  the  urates,  lay  aside 
in  a  cool  place,  and  decant  after  two  or  three  days ;  dissol  ve  the 
deposit  of  crystals  on  the  walls  of  the  vessel  in  sulphuric  acid,  and 
precipitate  with  water.  As  the  uric  acid  is  in  such  small  quantity, 
it  is  generally  advisable  to  concentrate  the  urine,  particularly  if  of 
low  sp.  gravity,  to  half  its  volume  before  adding  the  hydrochloric 
acid. 

Properties. — Uric  acid  forms,  when  pure,  a  white  crystalline 
powder  that  is  devoid  of  taste  or  smell,  but  when  impure  it  is 
generally  of  a  yellow  or  brown  colour ;  it  is  almost  insoluble  in 
cold  water  and  only  slightly  soluble  in  hot  water  (1  in  1800), 
very  slightly  soluble  in  alcohol  and  ether,  easily  soluble  without 
decomposition  in  strong  sulphuric  acid  and  reprecipitated  again 
on  dilution  with  water ;  likewise  easily  soluble  in  nitric  acid, 
but  with  attendant  decomposition ;  soluble  in  caustic  soda  and 
potash,  but  less  so  in  ammonia ;  soluble  likewise  in  alkaline 
solutions  of  lactates,  acetates,  carbonates,  phosphates,  and 
borates  forming  neutral  urates ;  moderately  soluble  also  in 
boiling  glycerin,  but  more  so  in  a  boiling  solution  of  sodic 
phosphate. 

Under  the  microscope  uric  acid  is  seen  to  assume  a  multi- 
])licity  of  crystalline  forms.  The  TYiost  constant  appears  to  be 
the  rhombic,  frequently  with  the  two  obtuse  angles  rounded. 
The  form  is  affected  by  the  strength  and  quantity  of  the  acid 
added,  and  by  the  presence  of  other  bodies  (Ord).  When  pre- 
cipitated from  an  alkaline  solution  by  means  of  hydrochloric 
Hcid  it   forms  small   transparent   rhombic  tables,  with  a   few 
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elliptical  and  oblong  plates.     Among  the   forms  occurring  in 
urinary  dej  osits  tbe  oblong  or  large  hone-shaped  form  is  charac- 
teristic.    They  may  also  occur  as  rhombic  pisms  or  derivatives 
thereof,    or   in    doubly 
convex,  lozenge- shaped 
plates,     elongated    flat 
plates    with    excavated 
ends,  rectangular  quad- 
rilateral    prisms,     and 
dumb-bell-like  bundles. 
The    crystals    may    be 
separate  or  arranged  in 
stellate  groups.      They 
are    nearly   always   co- 
loured.    Indeed^   every  fig.  32.-ceystals  of  uiac  acid. 

crystalline  urinary  de-    ^t  ".ff  crystals  formed  by  the  addition  of  hydrochloric 

•^  •-'  acid  to  a  solution  of  uric  acid  m  caustic  potash.    The 

posit   of  a  distinct  yel-       ^^^^  ^^^    different    forms  of   spontaneously  separated 

lo^u,    broivn,     or     red 

colour  may  be  sadd  to  consist  of  uric  acid.     The  urine  de- 
positing uric  acid  is  also  generally  high-coloured  and  acid. 

Combinations. — It  constitutes  a  weak  dibasic  acid,  furnishing  acid 
(C5MH3N4O3)  and  neutral  salts  (C5M2H2N4O3)  ;  the  latter  are  more 
soluble  than  the  former.     These  are  a  few  of  its  soda  salts  : — 

Urate   of   sodium     .         .     !N'a<,C5H2N403  +  H20 
Acid     „  „  .         .     2(NaC5H3N463)  +  H20 

Quadriurate     „  .         .     NaC5H3N403  +  CsH4N403 

The  acid  urates  are  more  permanent  than  the  neutral  mates. 
There  are  similar  urates  of  potass,  ammonia,  lithia,  and  lime.  The 
urate  of  lithium  is  the  most  soluble  in  water,  and  that  is  why  salts  of 
lithia  are  prescribed  when  an  excess  of  uric  acid  is  supposed  to  exist 
in  the  system ;  and  the  sodic  urates  are  more  soluble  than  those  of 
potash  or  ammonia ;  the  normal  also  are  more  soluble  than  the  acid 
salts.  As  uric  acid  is  a  weak  acid  its  combinations  are  readily 
decomposed  even  by  acetic  acid,  but  it  possesses  the  power  of  de- 
composing the  alkaline  phosphates,  forming  a  urate  and  an  acid 
phosphate. 

Decompositions. — These  are  most  interesting  as  indicating  some 
of  the  important  relationships  of  uric  acid. 

a  G  2 


452  EXCRETA:    THE  F.ECES  AND    URINE. 

1.  Uric  acid  is  easily  oxidised.  By  means  of  potassic  perman- 
ganate it  forms  metiiyl  allantoin  and  carbonic  anhydride  : 

G5H4N4O3  -f  0  +  2H20=C4H5(CH3)N403  +  CO^. 

2.  If  the  decomposition  occurs  at  a  high  temperature  oxalic  acid 
and  urea  also  appear,  while  if  heated  some  time  with  plumbic  oxide 
allantoin,  urea,  oxalic  acid,  and  carbonic  anhydride  are  formed. 

3.  Treated  with  cold  nitric  acid  it  furnishes  alloxan  and  urea  : 

C5H4N403  +  0  +  H20=C4H2NA  +  C!ON2H4. 

4.  Heated  with  nitric  acid,  carbonic  anhydride  and  nitrogen  gas 
are  given  off,  and  alloxan,  alloxantin,  and  urea  are  left  behind. 

5.  By  oxidation  with  alkalies  allantoin  and  carbonic  anhydride 
are  formed:  C5H4N403  +  H204-0=C4HoN403  +  COo.  By  further 
hydration  allanturic  acid  and  urea  are  obtained  : 

C4H6N4O3  +  H20=CON2H4  +  C3H4N2O. 

In  nearly  all  these  decoiiipositions  of  a  molecule  of  uric  acid  it 
will  be  seen  that  two  molecules  of  urea  and  a  carbon  acid  of  some 
kind  are  formed. 

.  6.  Heated  in  a  sealed  tube  with  strong  hydrochloric  acid  it 
is  decomposed  into  glycocin,  carbonic  anhydride,  and  ammonia  : 
C5H4N403  +  5H20=C,H5N02  +  3C02  +  3NH3.  The  converse  syn- 
thesis of  uric  acid  by  fusing  together  glycocin  and  urea  at  a  tempera- 
ture of  200°  to  230°  has  also  been  effected  by  Horbaczevvski. 

7.  By  reducing  uric  acid  with  a  weak  amalgam  of  sodium 
xanthin  (C5H4N4O2)  and  then  hypoxanthin  (C5H4K4O)  are  ob- 
tained. 

8  Heated  with  hydriodic  acid  to  170°  uric  acid  is  decomposed 
into  glycocin,  ammonium  iodide,  and  carbonic  anhydride : 

C5H4K4O3  +  3HI  +  5H20=C2H,N02  +  3NH4I  +  3CO2. 

Tests  and  Reactions.  1.  The  Murexid  Test. — Place  the  uric 
acid  in  a  small  porcelain  dish,  cover  it  with  a  few  drops  of  nitric 
acid,  and  dissolve  with  the  aid  of  heat,  taking  care  not  to  let 
the  temperature  rise  too  high  •  a  yellow  or  reddish  residue  is 
soon  obtained,  which  is  to  be  moistened  with  a  drop  of  ammonia, 
when  a  beautiful  purple  red  colour  appears.  The  body  thus 
formed  is  named  purpurate  of  amr)ionia  (CgH4(NH4)N.Og), 
but  it  may  be  observed  that  the  so-called  purpuric  acid  has  not 
been  obtained  free. 

If  the  uric  acid  is  present  in   small  amount  add  very  Httle 
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ammonia ;  it  is  safer  in  such  a  case  to  expose  the  residue  to  its 
vapour  or  to  use  a 'diluted  ammonia  (1  to  10).  If  the  residue 
is  treated  with  caustic  potash  or  soda  instead  of  ammonia  a 
beautiful  violet  blue  colour  is  obtained.  The  colour  is  di  ssipated 
by  heat.     (Cafifein  produces  a  somewhat  similar  reaction.) 

2.  Dissolve  a  little  on  a  glass  slide  in  a  few  drops  of  caustic 
potash  with  the  aid  of  heat,  and  add  a  drop  or  two  of  hydro- 
chloric or  acetic  acid  :  note  the  transparent  rhombic  tables  that 
are  formed. 

The  crystals  of  uric  acid  are  so  varied  in  shape  that  when  in 
doubt  it  is  always  advisable  to  treat  them  as  above,  and  obtain 
easily  recognisable  forms. 

3.  Dissolve  a  little  uric  acid  in  caustic  soda,  and  having 
added  a  few  drops  of  Fehling's  solution,  or  of  ammonia  and 
dilute  cupric  sulphate  solution,  boil :  the  white  cupric  urate 
separates  out ;  after  a  time  it  takes  a  greenish  tint.  The  cupric 
oxide  must  not  be  in  excess ;  otherwise  the  red  cuprous  oxide 
may  appear. 

4.  Dissolve  a  little  uric  acid  in  as  little  sodic  carbonate 
solution  as  possible,  and,  after  moistening  a  piece  of  filter  paper 
with  solution  of  silver  nitrate,  by  means  of  a  glass  rod  bring  a 
little  uric  acid  solution  down  upon  the  filter  paper :  a  dark  spot 
of  reduced  silver  immediately  appears  (Schiff). 

5.  If  to  a  little  of  the  solution  in  the  sodic  carbonate  ammo- 
nium chloride  is  added,  a  gelatinous  precipitate  of  urate  of 
ammonia  is  obtained. 

6.  Add  a  little  solution  of  uric  acid  to  some  sodic  hypochlorite 
in  caustic  soda :  a  rosy  red  coloration  is  produced,  which  dis- 
appears in  excess  of  the  soda  (Dietrich). 

To  Deterwiine  the  Presence  of  Uric  Acid  in  Urine  and 
Ascertain  its  Amount  approximately^  &c. —  1.  The  presence 
of  uric  acid  or  a  urate  in  an  animal  fluid  may  be  thus  detected : 
Place  the  fluid  in  a  watch  glass  and  add  a  few  drops  of-  glacial 
acetic  acid.  A  few  fine  filaments  of  flax  or  silk  are  immersed 
in  it,  and  the  whole  laid  aside  under  a  glass  shade  for  24  to 
48  hours  ;  the  filaments  are  then  to  be  removed  and  examined 
microscopically  in  a  little  glycerin  (Garrod).  The  separation 
of  the  uric  acid  can  be  readily  effected  by  boiling  the  fluid  or 
extract  to  coagulate  any  albumin  that  may  be  present,  then 
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filtering,  and  evaporating  to  dryness.  Tlie  dry  residue  is  to 
be  repeatedly  extracted  with  boiling  water,  and  this  extract 
acidified  with  acetic  acid  and  laid  aside  for  24  to  48  hours.  In 
gout  the  uric  acid  is  generally  present  in  sufficient  quantity 
in  the  blood  to  be  obtained  in  the  above  way  in  the  fluid 
taken  from  a  blister,  but  while  it  accumulates  in  the  body  in 
chronic  gout  its  excretion  in  the  urine  diminishes.  This  is 
frequently  the  case  in  many  other  diseased  conditions  in  which 
the  uric  acid  in  the  urine  is  diminished ;  thus  in  Bright's 
disease  the  uric  acid  in  the  blood  may  rise  as  high  as  0*12  to 
0-55  (GtARROd). 

2.  In  most  cases  it  may  be  separated  by  filtering  TOO  c.c. 
of  the  fluid,  adding  to  it  5  c.c.  hydrochloric  acid,  and  laying 
the  mixture  aside  for  24  hours.  A  deposit  of  uric  acid  gene- 
rally occurs,  but  the  amount  cannot  be  accurately  estimated 
from  the  quantity  of  dej^osit  present,  although  approximative 
results  may  be  thus  obtained. 

[a)  After  Heintz's  method  200  c.c.  urine  are  treated  with  10  c.c. 
hydrochloric  acid  and  left  in  a  cool  place  for  48  hours.  The  crystals 
are  then  collected  on  a  weighed  filter,  well  washed  with  cold  water, 
dried  some  hours  between  watch  glasses,  and  weighed.  Too  low 
a  result  is  generally  obtained,  but,  in  order  to  make  up  for  the  loss  by 
the  uric  acid  held  in  solution,  to  this  should  be  added  0*0038  gram 
uric  acid  for  every  100  c.c.  of  fluid  that  has  been  employed. 

{h)  Evaporate  one-fourth  of  the  urine  passed  in  the  24  hours  to 
40  or  50  c.c,  having  first  neutralised  it  with  hydrochloric  acid  or 
carbonate  of  potass  as  necessary;  then  add  a  mixture  of  hydrochloric 
acid  and  alcohol  (1  to  4).  After  the  uric  acid  has  been  deposited  and 
the  supernatant  liquid  is  clear,  decant  and  wash  the  deposit  on  a 
weighed  filter  first  with  alcohol,  and  then  with  equal  parts  of  acetic 
acid  and  water ;  lastly  dry  and  weigh. 

(c)  A  rapid  estimation  may  be  made  by  strongly  agitating  200  c.c. 
urine  with  5  c.c.  fuming  hydrochloric  acid  for  five  minutes,  and  then 
allowing  it  to  stand  aside  for  an  hour.  The  uric  acid  that  separates 
is  then  collected  on  a  weighed  double  filter,  dried  at  100°,  and 
weighed.  To  avoid  error  from  the  presence  of  silica  the  residue  is 
ignited,  and  if  anything  lemains  it  is  subtracted  from  the  total 
weight  (A.  Petit). 

{(1)  E.  LuDWiG  thus  proceeds  :  The  urine  is  treated  with  a  combina- 
tion of  ammonio-silver  solution  and  magnesia  mixture ;  and  the  pre- 
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cipitate,  which  contains  all  the  uric  and  phosphoric  acids,  is  filteretl  off 
and  washed  with  very  dilute  ammonia.  It  is  then  decomposed  by  a 
warm  dilute,  solution  of  potassic  sulphide,  forming  potassic  urate, 
which  passes  into  solution.  The  liquid  is  filtered,  the  filtrate  slightly 
acidified  with  hydrochloric  acid,  and  evaporated  on  the  water  bath  to 
a  small  bulk ;  and  the  uric  acid  that  separates  out  on  cooling  is  filtered 
off,  washed  with  water,  and  after  having  been  dried  at  110°  treated 
with  bisulphide  of  carbon  to  free  it  from  adhering  sulphur,  and  then 
with  ether. 

Pathology.  Occurrence  of  a  Deposit. — Healthy  urine  may  deposit 
uric  acid  10  to  20  hours  after  emission,  and  such  deposition  is  a 
normal  event  during  the  so-called  acid  fermentation  period,  but  a 
deposit  occurring  three  or  four  hours  after  the  urine  has  been  passed 
is  not  normal.  This  early  deposit  may  be  seen  in  convalescence  from 
febrile  complaints,  especially  articular  rheumatism  ;  also  in  chorea, 
some  forms  of  diabetes,  enlarged  spleen,  and  in  the  middle  periods  of 
Bright's  disease  (Roberts).  Lessened  respiratory  power  of  the  blood  is 
probably  one  of  the  great  factors  in  increasing  the  excretion  of  uric  acid. 

Uric  acid  is  increased  in  the  urine  after  attacks  of  indigestion,  in 
acute  dropsies,  in  inflammations  such  as  pneumonia,  and  acute 
rheumatism  in  the  stage  of  congestion  and  exudation,  and  in  some 
skin  diseases  (especially  eczema  and  lepra) ;  frequently  also  it  is 
increased  in  leukaemia,  paroxysms  of  intermittent  fever,  and  generally 
in  all  disturbances  of  the  circulation  and  respiration,  as  in  emphy- 
sema, &c.  In  phthisis  9*8  grains,  in  acute  hepatitis  with  jaundice 
11  "18  grains,  in  cases  of  jaundice  17*75  grains,  and  in  milk  fever 
19  grains  have  been  passed  in  the  24  hours  (Becquerel). 

It  is  diminished  in  chronic  maladies  in  general,  except  during 
their  periods  of  exacerbation;  also  in  the  later  stages  of  Bright's 
disease,  in  diabetes,  in  cases  of  polyuria,  and  in  gouty  affections  ;  like- 
wise in  anaemic  conditions,  chronic  rheumatisni,  paraplegia,  and  chronic 
disea,ses  of  the  spinal  cord. 


CHAPTER   IX. 

URATES  AND    URIC  ACID  DERIVATIVES. 

URATES  are  commonly  found  in  urinary  sediments,  calculi, 
or  arthritic  deposits.  8*69  per  cent,  cases  of  calculi  contain 
urates  as  nuclei,  while  in  16*08  per  cent,  layers  of  urates  are 
present  (Thudichum). 
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These  urates  appear  to  differ  considerably  in  composition, 
the  bases  varying,  but  usually  consisting  of  soda,  ammonia, 
potash,  and  lime.  Uric  acid  has  been  found  to  form  80  to  90 
per  cent,  of  their  weight. 

Uric  acid  .  .  .  .94-00 
Potash  .  .  .  .  .3-15 
Ammonia        ....     1*36 

Soda Ml 

(Bence  Joxes). 

But  some  authorities  regard  the  urate  of  soda  as  consti- 
tuting the  chief  component  of  urinary  deposits. 

Properties. — They  occur  generally  in  the  form  of  an  amor- 
phous yellow,  brown,  or  red-coloured  powder,  occasionally 
mixed  with  fine  colourless  needles,  the  colour  being  due  to 
urinary  pigment.  The  urates  dissolve  in  boiling  water,  and 
are  deposited  when  the  water  cools.  The  urates  of  soda  and 
ammonia  are  sometimes  deposited  in  the  crystalline  form ;  in 
gouty  concretions,  for  example,  the  urate  of  soda  is  found  in 
the  form  of  delicate  needles  forming  bundles  of  stars,  or  lying 
separately.  The  urate  of  soda  is  occasionally  found  in  the 
urine  of  gout,  and  in  febrile  conditions,  particularly  in  children. 
It  appears  as  an  amorphous  powder  or  as  minute  spherules 
armed  with  little  prisms.  In  dilute  solutions,  after  a  time, 
the  last  forms  may  appear  as  short  hexagonal  prisms  or  thick 
tables.  The  urate  of  potash  closely  resembles  the  sodic  urate 
in  its  properties.  Urate  of  ammonia  in  the  crystalline  con- 
dition most  frequently  assumes  the  form  of  dark  spheres  and 
globular  masses,  although  sometimes  appearing  as  minute, 
slender,  and  imperfectly  formed  dumb-bells. 

Solutions  of  urates  are  readily  decomposed  by  hydrochloric 
acid,  uric  acid  being  precipitated. 

Heated  on  platinum  foil  with  a  drop  of  caustic  potash  in'ate 
of  ammonia  gives  off  ammonia,  recognised  by  the  smell,  while 
urate  of  soda  leaves  a  residue  of  sodic  carbonate  that  is  alkaline 
and  effervesces  with  hydrochloric  acid. 

They  show  the  murexid  reaction. 

Solutions  of  alkaline  urates  give  a  white  precipitate  with 
salts  of  lead,  a  green  precipitate  with  cupric  sulphate,  a  violet 
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with  chloride  of  gold,  and  a  yellow  with  silver  nitrate.  Any 
urinary  deposit  that  disappears  on  the  application  of  heat  con- 
sists of  urates.  They  are  more  frequently  coloured  than  white. 
The  deposit  is  bulky  and  amorphous,  but  containing  minute 
spheres  with  protruding  spicules. 

A  urate  deposit  may  occur  after  much  loss  of  water  by 
sweating  and  violent  exercise,  or  after  prolonged  abstinence 
from  food  and  drink ;  it  is  often  present  in  the  urine  of  persons 
who  eat  much  meat  and  drink  little  water  (Scherer),  and  also 
during  functional  derangements  of  the  digestive  organs,  par- 
ticularly in  cold  weather. 

URIC  ACID  DERIVATIVES. 

Alloxantin  (C8H4N4O7  +  3H2O)  is  obtained  from  uric  acid  by 
the  action  of  very  dilute  nitric  acid,  and  can  easily  be  prepared  by 
mixing  together  the  concentrated  solutions  of  alloxan  (142  grams) 
and  dialuric  acid  (144  grams).  It  forms  rhombic  tables  and  columns, 
and  gives  a  temporary  blue  coloration  with  ammonia  and  ferric 
chloride.  Silver  nitrate  is  reduced  by  it,  and  with  baryta  water  it 
forms  a  characteristic  violet  precipitate,  which  loses  its  colour  when 
heated,  decomposing  into  dialuric  acid  and  baric  alloxanate.  Saturated 
with  dry  ammonia  gas  at  100°,  it  is  decomposed  into  water  and 
murexid  :  C8H4N4O7 +  2NH3=C8H8lSr^06  +  H20. 

(murexid) 

The  most  important  derivatives  of  alloxantin  are  alloxan, 
murexid,  uramil,  dialuric,  oxaluric  (03X14X204),  parabanic,  and  bar- 
bituric (C4H4N2O3)  acids. 

Alloxan  (C4H2N2O4)  is  obtained  when  uric  acid  is  dissolved 
in  nitric  acid  (sp.  gr.  1  41)  at  a  low  temperature,  separating  out  of  a 
saturated  solution  as  a  white  crystalline  deposit : 

C5H4N403  +  H20  +  0=C4H2N204  +  CO(ISrH2)2. 

To  prepare  it  stir  up  alloxantin  with  very  strong  sulphuric  acid, 
.so  as  to  form  a  thick  mud,  and  after  this  has  stood  for  seyeral  days 
spread  it  out  to  dry  in  the  air ;  then  evaporate  to  complete  dryness 
over  a  water  bath  and  crystallise  out  of  hot  water. 

It  forms  large  rhombic  pyramids  or  small  monoclinic  crystals.  A 
saturated  watery  solution  when  rapidly  boiled  is  decomposed  : 

3(C4N2H2N4)=CsN4H407  +  C3N2H203  +  C02. 

(alloxan)  (alloxantin)        (parabanic  acid) 
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When  boiled  witli  a  strong  alkali  it  is  also  clecompose'l  : 

(alloxan)  (mesoxalic  acid)        (urea) 

Boiling  dilate  nitric  acid  changes  alloxan  into  parabanic  acid  and 

CO2: 

C^N^HA  +  0=C3N,H203  4  CO^. 

Dilute  sulphuric  and  hydrochloric  acids  decompose  it  into 
alloxantin,  urea,  and  oxalic  acid ;  when  heated  with  peroxide  of  lead 
urea  and  CO.^are  obtained  ;  and  reducing  agents  develop  dialuric  acid  : 
C4H2N2O4  +  H,=G4H4N2H4. 

XJramil  (C4HgN303)  is  ])repared  by  heating  a  cold  saturated 
watery  solution  of  thionurate  of  ammonia  (C4H3(NH4)2N3SOg  +  H2O), 
adding  a  little  hydrochloric  acid,  boiling  some  minutes,  and  collectiug 
the  crystalline  deposit  of  fine  needles  on  cooling.  The  thionurate  is 
obtained  by  passing  a  current  of  sulphurous  acid  for  some  time  into 
a  cold  saturated  solution  of  alloxan,  then  adding  ammonium  carbonate 
and  boiling  for  half  an  hour.  On  cooling  the  thionurate  separates. 
It  is  to  be  washed,  dissolved  in  hot  water,  the  boiling  solution  pre- 
cipitated with  acetate  of  lead,  and  the  thionurate  of  lead  collected, 
washed,  suspended  in  cold  water,  and  decomposed  with  hydric 
sulphide.  The  filtrate  is  concentrated  at  140°  to  a  small  bulk  until 
crystals  begin  to  separate. 

Purpuric  Acid  and  Murexid. — The  acid  is  not  known  in  the  free 
state,  but  it  exists  in  murexid,  which  is  the  acid  purpura! e  of 
ammonia.  The  7nu7'exid  can  be  obtained  by  the  electrolysis  of 
alloxan,  by  heating  ammonium  dial  urate,  by  the  action  of  ammonium 
carbonate  on  warm  solution  of  alloxantin  or  alloxan,  by  heating  dry 
alloxantin  at  100^  with  ammonia  gas,  and  by  evaporating  a  solution 
of  uric  acid  in  nitric  acid  and  heating  the  residue  with  ammonia  : 

C5H4N4O3  +  H2O  AO=CJA.,^fi,  +  CO(NH2)2 ; 

(alloxan) 

,     3C4N2H204=C«N4H407  +  C3N2H203  +  C02; 

(alloxantin)        (parabanic  acid) 

C8N4H4O7  +  2NH3=C«HsN60,  +  H2O. 

(mvirexid) 

Murexid  can  be  best  frepared  by  heating  uramil  (4)  and  mercuric 
oxide  (1)  in  water  (30),  adding  a  few  drops  of  ammonia,  heating  gently 
up  to  boiling  point,  and,  after  boiling  a  few  minutes,  filtering. 

Murexid  forms  four-sided  tables  or  columns  that  are  of  a  red 
garnet  hue   with  -  transmitted   and  a  metallic  green   with  reflected 
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light.  Its  solution  in  boiling  water  has  a  purple  tint ;  in  alcohol 
and  ether  it  is  insgluble.  When  warmed  with  acids  it  decomposes 
into  uramil,  alloxan,  and  ammonia,  and  the  alloxan  still  further  into 
alloxantin  and  urea. 

Parabanic  Acid,  C3H2^2C>3- — It  is  prepared  by  rapidly  transfer- 
ring uric  acid  (1  part)  in  small  portions  at  a  time  to  6  parts  nitric 
acid  (sp.  gr.  1*3)  heated  up  to  70°.  When  effervescence  has  ceased 
the  solution  is  evaporated  to  a  syrupy  consistence  at  the  same  tempe- 
rature. On  cooling  crystals  separate,  which  are  to  be  collected  on  a 
filter  and  dissolved  in  hot  water  (1^  part),  from  which  pure  para- 
banic acid  is  deposited. 

It  forms  thin,  colourless,  six-sided  prisms,  and  its  solution  gives  a 
white  granular  precipitate  with  silver  nitrate,  which  is  soluble  in 
ammonia:  C3Ag2lSr203-f HgO. 

AUantoin  (04HgN403). — This  body  is  found  in  the  human  allan- 
toic fluid  and  in  the  urine  of  young  sucking  calves ;  it  occurs  in 
very  small  amount  in  normal  human  urine,  particularly  in  that  of 
a  new-born  child  for  the  first  few  weeks  after  birth,  during  pregnancy 
(GussEROw),  and  after  the  ingestion  of  tannic  acid.  It  has  also  been 
found  in  the  urine  of  dogs  after  the  administration  of  lu-ic  acid 
(Salkowski),  and  in  respiratory  obstruction  (Frerichs).  It  is  gene- 
rally abundant  in  the  urine  of  cats.  In  the  placenta  of  both  dogs 
and  cats  crystals  of  allantoin  are  found,  often  associated  with 
hsematoidin  and  occasionally  haemoglobin  crystals,  and  also  biliverdin. 

It  is  prepared  by  rubbing  up  uric  acid  (3)  with  water,  and  adding 
to  it  potassic  permanganate  (1),  taking  care  not  to  let  the  tempera- 
ture rise  ;  filter  rapidly,  and  having  saturated  the  filtrate  with  acetic 
acid,  leave  aside  24  hours  to  crystallise.  Its  derivation  from  uric 
acid  may  be  thus  expressed  : 

C5H4N4O3  +  0  -f  H20=C4HeN403  +  CO^. 

It  also  may  be  obtained  by  evaporating  allantoic  fluid,  the  crystals 
being  washed  in  water,  and  their  solution  in  hot  water  decolourised 
with  animal  charcoal. 

To  separate  it  from  urine  precipitate  with  lead  acetate,  filter,  and, 
having  passed  hydric  sulphide  through  the  filtrate,  evaporate  it  to  a 
syrup  and  let  it  stand  for  several  days.  The  crystalline  mass  is  to 
be  washed  in  cold  and  dissolved  in  hot  water,  from  which  the 
allantoin  is  allowed  to  separate. 

It  crystallises  in  small,  colourless,  glistening  prisms,  and  is  slightly 
soluble  in  cold  and  more  soluble  in  hot  water,  but  insoluble  in  cold 
alcohol  and  ether.     Its  solutions  are  neutral,  giving  no  precipitate 
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with  mercuric  chloride,  but  a  precipitate  with  mercuric  nitrate 
(2[C4N4H505].2.Hg+3HgO);  silver  nitrate  also  gives  a  white  crys- 
talline precipitate.     It  is  decomposed  by  concentrated  alkalies  : 

3(C4H,N403)  f  13H20=12NH3  +  6C02  +  2(C2H.A)  +  C2H402. 


CHAPTEK   X. 

HIPPURIC  ACID. 

HIPPURIC  ACID,  CgHgNOg,  may  be  regarded  as  benzoyl 
glycocin,  C2H4(C7H50)]S'02,  a  glycocin  in  which  an  atom  of 
hydrogen  is  displaced  by  the  radical  benzoyl  CgH^.CO. 

It  is  a  more  important  constituent  of  the  urine  of  herbivora 
than  of  carnivora,  though  it  exists  in  considerable  amount  in 
animals  living  on  a  mixed  diet.  It  is  probably  present  in  com- 
bination with  one  of  the  alkalies. 

Origin  and  Amount. — It  arises  in  part  from  the  oxidation 
of  albumins,  and  in  part  also  from  such  acids  as  the  benzoic  and 
cinnamic,  &c.,  when  absorbed.  A  vegetable  diet,  and  par- 
ticularly fruit  like  greengages,  blackberries,  and  plums,  which 
contain  benzoic  acid,  increase  its  amount  in  the  urine ;  the  use 
of  different  balsams  also  has  a  similar  effect. 

In  the  urine  of  different  individuals  it  averages  from  0*02 
to  0*06  per  cent.  In  starvation  its  elimination  does  not  appear 
to  be  affected,  for  in  a  c«se  where  the  urea  excreted  amounted 
only  to  6*6  grams  and  the  uric  acid  to  0*07  gram  the  hippuric 
acid  was  1*16  gram.  Occasionally  its  discharge  undergoes  a 
great  increase,  and  Bouchaedat  has  described  such  a  condi- 
tion under  the  name  ?tippuria. 

Benzoic  acid,  when  ingested,  is  changed  in  the  liver,  kidneys, 
or  alim'entary  canal  into  hippuric  acid.  But  this  power  of 
changing  benzoic  into  hippuric  acid  seems  to  be  reduced  in 
certain  affections  of  the  kidney,  such  as  amyloid  degeneration 
and  acute  and  chronic  inflammations.  Occasionally  in  jaundice 
hippuric  acid  has  not  been  found  even  after  the  administration 
of  benzoic  acid. 

In  some  cases  of  diabetes  it  is  increased,  but  in  others  it  has 
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been  noticed  to  be  diminished,  and  in  icterus  and  some  kidney 
affections  it  is  dim-inished. 

It  has  been  met  with  in  the  sweat  also,  especially  after  the 
use  of  benzoic  acid  and  certain  balsams. 

Lehmann  was  of  opinion  that  the  increased  acidity  of  the 
urine  of  fevers  was  due  to  this  body,  but  recent  investigations 
are  opposed  to  this  idea. 

Preparation. —  1.  Boil  the  fresh  urine  of  a  horse  or  cow  for  some 
minutes  with  milk  of  lime  in  excess  to  remove  the  pigment,  filter  the 
hot  fluid,  and  evaporate  it  rapidly  to  yV^h  its  volume ;  when  cold, 
acidulate  with  hydrochloric  acid.  After  24  hours  decant  the  fluid  from 
the  deposited  brownish  yellow  crystals ;  dissolve  them  up  again  in 
boiling  milk  of  lime,  filter,  to  the  hot  filtrate  add  hydrochloric  acid, 
and  crystallise  as  before.  The  crystals  may  be  rendered  colourless  by 
the  action  of  animal  charcoal  or  by  heating  their  solution  in  excess  of 
caustic  soda  with  potassic  permanganate  solution,  adding  this  body 
drop  by  drop  to  the  boiling  liquid  until  a  little  of  the  solution,  when 
filtered,  gives  a  pure  white  precipitate  with  hydrochloric  acid.  The 
whole  fluid  is  then  filtered  and  supersaturated  with  hydrochloric 
acid. 

2.  Treat  the  fresh  urine  with  zinc  sulphate,  evaporate  to  one-sixth 
the  volume,  filter,  and  decompose  the  zinc  hippurate  with  hydro- 
chloric acid,  and  separate  the  hippuric  acid  by  crystallisation. 

3.  To  obtain  it  from  human  urine  give  30  grams  benzoic  acid  to 
a  patient  in  the  evening,  and  the  next  morning  collect  his  urine. 
Evaporate  it  to  a  small  volume,  and  when  it  has  cooled  treat  it  with 
hydrochloric  acid  and  lay  it  aside  in  a  cool  place.  After  some  hours 
the  deposit  is  collected  on  a  filter  and  washed  with  cold  water  and 
alcohol.  The  crystals  thus  obtained  may  be  purified  still  further  as 
in  the  first  method. 

Properties. — Hippuric  acid  forms  brilliant  hard  white  and 
translucent  four-sided  rhombic  prisms  or  needles,  generally 
taking  the  form  of  prisms  when  deposited  from  a  dilute,  and  of 
needles  from  a  saturated,  solution.  The  crystals  are  moderately 
soluble  in  hot  water,  and  easily  soluble  in  alcohol  and  benzol, 
the  solutions  having  an  acid  reaction  ;  soluble  also  in  sodic 
phosphate,  and  in  alkalies  and  their  carbonates;  but  almost 
insoluble  in  ether  and  chloroform.  Hippuric  acid  reduces  an 
alkaline  solution  of  cupric  sulphate. 

It  is  monobasic  and  forms  neutral  salts  that  are  generally 
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soluble  in  water  and   crystallisable,  the  iron  liippiirate  tilone 
being  amorphous. 

Derivatives. — When  boiled  with  strong  mineral  acids  and 
alkalies  it  is  split  up  into  benzoic  acid  and  glycocin : 

CH,  j  ^^  coSh '"  +  H,0  =  C,H,CO.OH  +  CH,™^ ^^ 

(hippuric  acid)  (benzoic  acid)  (glycocin) 

Ferments  produce  the  same  effect ;  and  a  watery  solution 
of  hippuric  acid  to  which  sodic  phosphate  has  been  added, 
after  a  few  days  at  a  temperature  of  about  30°,  undergoes  a 
similar  change. 

Heated  strongly  in  a  small  tube  it  gives  a  sublimate  of 
benzoic  acid  and  ammonium  benzoate,  evolving,  at  the  same 
time,  an  odour  of  new  hay  or  bitter  almonds,  hydrocyanic  acid 
and  benzo-nitril  being  formed,  and  oily  red  drops  deposited  in 
the  tube. 

Tests. — 1.  Boil  a  little  hippuric  acid  with  a  few  drops  of 
nitric  acid,  evaporate  to  dryness,  and  heat  the  residue  in  a  small 
tube  or  porcelain  capsule  :  an  intense  odour  of  nitro-benzene 
is  evolved.  Benzoic  acid  gives  the  same  odour;  but  hippuric 
is  distinguished  from  benzoic  acid  by  its  insolubility  in  ether 
and  its  non-volatilisation  on  being  heated,  also  by  the  shape  of 
its  crystals. 

2.  Boil  a  little  with  strong  hydrochloric  acid,  and  the 
hippuric  acid  will  break  up  iuto  benzoic  acid  and  glycocin.  Add 
an  excess  of  caustic  potash  and  a  drop  of  cupric  sulphate  solu- 
tion, and  a  deep  blue  coloration  is  produced,  not  destroyed  by 
boiling :  this  is  due  to  the  glycocin. 

3.  To  Detect  in  Urine. — (a)  Treat  the  urine  with  chloride 
and  milk  of  lime  to  separate  the  phosphates,  neutralise  the 
filtrate  with  hydrochloric  acid,  and  treat  with  nearly  neutral 
ferric  chloride,  when  a  brown  hippurate  is  thrown  down.  By 
neutralising  with  sodic  carbonate  before  filtration,  then  filtering, 
washing,  and  boiling  the  precipitate  with  alcohol,  the  hippurate 
may  be  removed,  and  by  heating  this  with  hydrochloric  acid 
hippuric  acid  can  be  separated. 

(h)  Evaporate  a  litre  of  urine  almost  to  dryness  :  rub  up  the 
residue  with  baric  sulphate,  acidify  with  hydrochloric  acid,  and 
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exhaust  completely  with  alcohol ;  neutralise  the  alcoholic  ex- 
tract, distil  off  the  alcohol,  and  having  added  a  little  oxalic 
acid  evaporate  to  dryness.  Exhaust  the  dry  mass  with  ether 
to  which  some  alcohol'  has  been  added,  and  evaporate  the 
ethereal  solution.  Treat  the  residue  with  warm  milk  of  lime, 
filter,  and  evaporate  the  filtrate  to  a  small  volume,  which  is 
finally  to  be  acidified  with  hydrochloric  acid.  The  hippuric 
acid  crystallises  out. 

*  HIPPURIC  ACID  DERIVATIVES— Benzoic  Acid  and 

GlyCocin. 

Benzoic  Acid,  C7Hg02=C6H5000H.— This  body  exists  ready 
formed  in  several  balsams  and  resins,  particularly  gum  benzoin,  and  is 
found  in  the  urine  of  the  herbivora  as  a  consequence  of  hippuric 
acid  fermentation.  -It  is  occasionally  met  with  also  in  the  smegma 
pneputii,  sweat,  and  suprarenal  capsules ;  but  it  does  not  appear 
normally  to  be  preformed  in  the  organism. 

It  can  be  produced  by  boiling  a  watery  solution  of  hippuric  acid 
with  strong  hydrochloric  acid  for  an  hour  : 

.      C2H4(C7H50)N02  +  H20=C2H5lSr02  +  C7H6O,, 

(hippuric  acid)  (glycocin)  (benzoic  acid) 

Properties. — Benzoic  acid  volatiHses  without  decomposition  at 
240°,  and  is  deposited  in  the  form  of  fiue  elongated  needles  or  thin, 
flexible,  pearly  plates.  When  ingested  it  passes  out  in  the  urine  as 
luppuric  acid.  It  dissolves  readily  in  alcohol,  ether,  and  ammonia, 
but  only  to  a  slight  extent  in  boiling  water.  Perchloride  of  iron 
gives  with  benzoic  acid  or  alkaline  benzoates  a  brown  precipitate  of 
benzoate  of  iron.  Solutions  of  free  benzoic  acid  or  its  salts  with  the 
alkalies  are  not  precipitated  by  a  mixture  of  alcohol,  ammonia,  and 
baric  chloride,  thus  differing  from  succinic  acid,  which  is  thereby 
precipitated. 

Derivatives. — If  benzoic  acid  is  moistened  with  nitric  acid  and 
evaporated  in  a  small  capsule  it  will  give  off  the  smell  of  nitro- 
benzol.  Heated  to  redness  with  the  caustic  alkalies  it  evolves 
:;arbonic  acid  and  benzol.  When  acted  on  with  sodium  amalgam  a 
solution  of  benzoic  acid  yields  benzyl  alcohol,  OgHg.CHg.OH. 

By  the  distillation  of  ammonium  benzoate  with  phosphoric  anhy- 
dride a  colourless  oily  fluid  is  obtained,  benzonitril,  CgH5.CN. 

Glycocin  {Ghjcocol,  Glycin),  C2H5N02=CH2NH2COOH,  crys- 
tallises in  large  rhombohedra  which  are  soluble  in  water,  but  insoluble 
in  cold  alcohol  and  ether.     It  is  a  decomposition  product  formed  by 
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the  action  of  acids  or  alkalies  upon  such  animal  substances  as  glue, 
gelatin,  fibrin,  and  hippuric  acid  ;  obtained  also  by  the  decomposition 
of  glycocholic  acid  by  boiling  it  with  hydi'ochloric  acid : 

C9H9NO3  +  H20==C2H,N02  +  CyHoOg. 

(hippuric  acid)  (glycin)  (benzoic  acid) 

It  may  be  regarded  as  amido-acetic  acid,  as  it  is  built  up  by  the 
action  of  ammonia  upon  chloracetic  acid  : 

CH2CI  ;)^TT     _CH2NH2     ,     -»rriT    pi 

It  appears  to  be  allied  to  the  cyanogen  compounds,  and  a  substitu- 
tion glycocin  is  sarcosin  or  methyl  glycocin. 

Glycocin  is  not  found  preformed  in  the  organism,  although  some 
regard  it  as  a  constituent  of  the  liver ;  but  it  can  easily  be  formed 
there  by  the  decomposition  of  such  bodies  as  albumin  and  gelatin,  a 
change  that  probably  occurs  in  the  liver ;  for  when  benzoic  acid  is 
injected  into  the  portal  vein  it  is  excreted  by  the  urine  as  hippuric 
acid,  but  when  rapidly  injected  into  the  jugular  vein  it  passes  into 
the  urine  unchanged  (Kuhne).  It  is  probable,  however,  that  the 
conversion  is  not  effected  solely  in  the  liver,  but  that  the  kidneys  also 
assist  (Sheppard).  In  the  duodenum  also  it  is  possible  that  a  similar 
decomposition  occurs  under  the  action  of  the  pancreatic  juice. 

Preparation. — Boil  impure  hippuric  acid  for  an  hour  with  four 
times  its  weight  of  strong  hydrochloric  acid,  and  then  evaporate 
nearly  to  dryness.  Extract  the  residue  with  a  little  water,  boil  this 
watery  extract  for  a  few  minutes  with  freshly  precipitated  hydrated 
plumbic  oxide,  and  separate  the  precipitated  plumbic  chloride  by 
iSltration ;  pass  hydric  sulphide  through  the  filtrate  to  complete  the 
separation  of  the  lead  ;  this  final  filtrate  contains  the  glycocin,  and  is 
to  be  evaporated  to  a  small  bulk  till  crystallisation  sets  in. 

Also  obtained  by  the  action  of  acids  or  alkalies  on  gelatin. 

Derivatives. — Under  the  action  of  nitrous  acid  glycocin  is  changed 
into  glycocollic  acid  (C2H4O3),  water  and  nitrogen  being  evolved  at 
the  same  time.  When  heated  with  baryta  it  is  decomposed  into 
carbonic  anhydride  and  methylamin  : 

CH2.NH2.COOH  +  Ba{OH)2=NH2CH3  +  BaCOg  +  H2O. 

(glycocin)  (methylamin) 

Ammonic  permanganate  in  an  ammoniacal  solution  oxidises  it,  there 
being  formed  carbonic  acid,  oxalic  acid,  oxamil  (CO.NHg.COOH), 
carbamic  acid,  and  watier. 


4G5 


CHAPTER  XI. 

KREATININ. 


Of  the  remaining  organic  constituents"  we  cannot  do  more  here 
than  refer  to  a, few,  such  as  kreatinin,  indican,  and  the  urinary 
pigments. 


KREATININ,  C.H.NgO  or  N 


This  is  a  ^onstant  constituent  of  urine.  It  forms  brilliant 
colourless,  oblique,  rhombic  prisms,  and  is  supposed  to  be 
derived  from  the  kreatiu  of  muscle,  as  it  is  simply  a  dehydrated 
form  of  that  body.  An  alkaline  solution  of  kreatinin,  for  ex- 
ample, left  to  itself  for  some  time  changes  into  kreatin. 

ximount. — A  grown  man  excretes  in  the  24  hours  0*5  to 
1-3  gram,  or  a  mean  of  1  gram  (Hofmann).  Women  excrete  a 
little  less  than  men ;  infants  on  a  pure  milk  diet  excrete  little 
or  none ;  boys  (10  to  12  years)  excrete  a  mean  of  0*387  gram, 
and  old  people  a  mean  of  0*5  to  0*6  gram.  Its  proportion  is 
increased  by  a  rich  flesh  diet  and  diminished  by  abstinence. 

Pathologically  it  is  increased  in  acute  febrile  processes,  as 
typhus,  pneumonia,  and  intermittent  fever,  and  diminished 
during  the  convalescence  of  the  same  (Munk),  being  also 
lessened  in  anaemia,  chlorosis,  diabetes,  chronic  Bright's  disease, 
and  tetanus. 

Preparation.  1.  From  Kreatin. — It  can  easily  be  prepared  by 
evaporating  to  dryness  a  mixture  of  kreatin  (1),  water  (3),  and  sul- 
phuric acid  (1),  then  boiling  the  residue  with  freshly  precipitated 
baric  carbonate  to  separate  the  acid,  filtering  and  evaporating;  or 
by  boiling  the  kreatin  for  half  an  hour  with  dilute  hydrochloric  acid, 
adding  hydrated  plumbic  oxide,  filtering,  evaporating  the  filtrate  to 
dryness,  extracting  the  residue  with  alcohol  and  again  evaporating  ; 
kreatinin  crystallises  out  in  colourless  prisms. 

2.  From  Urine. — Evaporate  15  to  20  pints  of  urine  to  one-fourth 
to  one-eighth  its  volume,  and  having  allowed  it  to  cool  decant  from 
th  e  precipitated  salts,  add  acetate  of  lead  to  the  decanted  liquid,  and 
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filter.  The  excess  of  lead  iu  the  filtrate  is  then  removed  by  a  current 
of  hydric  sulphide,  or  by  the  addition  of  sodic  carbonate  ;  filter  again, 
nearly  neutralise,  and  add  a  strong  solution  of  mercuric  chloride, 
which  causes  a  precipitate  of  kreatinin  in  combination  with  itself. 
This  precipitate  is  suspended  in  water,  decomposed  with  a  current  of 
hydric  sulphide,  filtered,  the  filtrate  decolourised  with  animal  char- 
coal, and  then  evaporated  to  dryness.  Kreatinin  hydrochloride  re- 
mains. It  is  to  1>e  crystallised  two  or  three  times  from  strong  spirit, 
and  the  hydrochloric  acid  separated  fi-om  it  by  boiling  with  hydrate 
of  lead  (Maly). 

Properties. — It  forms  colourless,  glistening,  rhombic  co- 
lumns, easily  soluble  in  hot  water  and  alcohol.  It  acts  as  a 
strong  alkali,  colouring  litmus  paper  blue,  and  being  capable 
of  displacing  ammonia  from  its  combinations,  forming  also 
double  salts  with  some  of  the  metals  and  salts  with  the  acids. 

Combinations. — It  combines  with  hydrochloric  acid(C4H^N30 
4-HCl),  a  watery  solution  of  this  body  after  the  addition  of 
sodic  acetate  giving  a  precipitate  with  chloride  of  zinc.  With 
platinic  chloride  and  hydrochloric  acid  it  forms  a  double  salt 
that  is  crystalline  and  of  an  orange  red  colour.  With  chloride 
of  zinc  a  granular  crystalline  precipitate  [(C4H^N30)2ZnCl2] 
separates  when  a  strong  solution  of  the  chloride  of  zinc  is 
added  to  a  moderately  strong  solution  of  kreatinin.  By  using 
an  alcoholic  solution  the  separation  is  rendered  more  complete. 
This  kreatinin  zinc  chloride  is  converted  into  kreatin  by  boiling 
its  solution  with  hydrated  oxide  of  lead. 

Characteristics  and  Tests. — 1.  Add  to  a  dilute  solution  some 
drops  of  a  very  watery  solution  of  sodium  nitropi'usside,  then 
drop  by  drop  a  little  dilute  caustic  soda :  a  beautiful  ruby  red 
colour  shows  itself,  which  soon  disappears  (Weyl).  This  test 
may  be  applied  to  the  urine  directly.  If  the  reaction  does  not 
appear,  boil  the  urine  first  with  dilute  sulphuric  acid. 

2.  Add  0inc  chloride  to  a  strong  watery  or  alcoholic  solu- 
tion of  kreatinin,  and  a  heavy  crystalline  powder  is  thrown 
down,  which  is  soluble  in  hot  water  and  acids,  and  insoluble  in 
alcohol.  With  pure  solutions  the  crystals  are  in  the  form  of 
fine  needles  arranged  in  bundles  or  rosettes,  or  as  little  balls. 

This  reaction  may  be  employed  to  estimate  the  kreatinin 
quantitatively:    Precipitate  the  phosphates  in    250  c.c.  urine 
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with  milk  of  lime  and  then  with  calcic  chloride  ;  filter  in  a 
couple  of  hours,  and  evaporate  the  filtrate  to  a  syrupy  con- 
sistence ;  treat  this  with  50  c.c.  absolute  alcohol,  and  having 
thoroughly  mixed  it  transfer  to  a  small  beaker,  and  let  it 
stand  for  6  to  8  hours.  To  the  filtrate  add  10  to  15  drops  of 
an  alcoholic  solution  of  chloride  of  zinc.  After  2  or  3  days 
bring  the  precipitate  upon  a  weighed  filter,  and  wash  it  there 
with  alcohol  (90  per  cent.) ;  then  dry  and  w^eigh  :  100  kreatinin 
zinc  chloride  =  62*42  kreatinin. 

If  the  urine  contains  albumin  this  should  first  be  sepa- 
rated. Sugar  should  also  be  removed  by  fermentation.  Any 
kreatin  can  be  converted  into  kreatinin  by  boiling  the  urine 
for  half  an  hour  with  sulphuric  acid. 

3.  When  warmed  with  Fehling^s  solittion  it  reduces  the 
cupric  salt. 

4.  Acidified  with  nitric  acid  and  heated  with  a  dilute  solu- 
tion of  phosphomolybdic  acid  it  gives  a  yellow  crystalline  pre- 
cipitate, consisting  of  four-sided  crystalline  plates  that  are 
soluble  in  hot  nitric  acid. 

5.  Nitrate  of  silver  gives  a  white  crystalline  precipitate, 
easily  soluble  in  boiling  water;  merciiric  chloride,  a  white 
caseous  fiocculent  precipitate  which  quickly  changes  to  a  mass 
of  fine  needles ;  meixuric  nitrate  with  sodic  carbonate  also 
precipitates  it. 


CHAPTEK   Xir. 

THE  URINARY  PIGMENTS. 


What  these  are  is  still  a  subject  of  controversy;  indeed, 
whether  there  is  but  one  pigment  or  several  it  is  as  yet  difficult 
to  say.  In  certain  abnormal  conditions,  however,  it  is  very 
probable  that  there  are  really  more  than  one.  The  whole 
question,  it  must  be  confessed,  is  so  far  in  an  unsettled  con- 
dition. 

As  ScHUNCK  has  shown,  these  urinary  pigments  aie  very  readily 
decomposed,  which  may  possibly  account  for  many  of  the  pigments 
described  as  normal  constituents  of  the  urine. 

H  H  2 
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Urobilin,  looked  upon  as  identical  with  hydrobilirubin,  is  re- 
garded by  many  authorities  as  the  chief  urinary  pigment.  On  the 
other  hand  Thudiciium  has  described  a  pigment  (urochrome)  which 
he  regards  as  a  derivative  of  hiemoglobin,  and  as  constituting  the 
chief  normal  urinary  pigment. 

But,  in  addition  to  these,  other  pigments  have  been  enumerated. 
Heller's  uroxa7ithin  suppeurs  to  be  identical  with  indican  (Schunck), 
a  body  frequently  present  in  urine,  particularly  under  disordered  con- 
ditions of  the  system.  The  body  described  as  uroerythrin  is  found 
chiefly  in  connection  with  such  urinary  deposits,  particularly  of 
fevers,  as  uric  acid  and  urate  of  soda.  It  is  probably  equivalent  to 
Prcut's  i)urj)urate  of  ammonia  and  Golding  Bird's  purpurin.  But 
there  is  some  reason  to  believe  that  there  are  at  least  two  of  these 
pigments,  one  soluble  and  the  other  insoluble  in  chloroform.  In 
certain  leprous  affections  bodies  giving  absorption  spectra,  and  named 
uroruhrohcematin  and  urofu^cohamiatin,  have  been  described  as  ex- 
isting (Batjmstark).  In  melanotic  cancer  a  chromogen  may  occa- 
sionally be  met  with  which  blackens  on  exposure  to  the  air.  Also 
after  the  use  of  carbolic  acid  a  dark  brown  pigment  of  the  nature  of 
a  hydrochinon  derivative  appears  in  the  urine. 

MacMunn  states  that  normal  urine  contains  a  body  apparently 
identical  with  choletelin,  and  he  thinks  that  all  the  colouring  matters 
of  bile,  including  hsematin,  are  oxidised  to  choletelin.  The  urobilin 
of  bile  is  produced  in  the  intestine,  and  in  certain  states  of  the  system 
may  appear  in  the  urine,  but  normally  it  is  oxidised  to  choletelin. 
While  most  of  the  urinary  pigments  may  be  traced  back  to  the  bile 
pigments  some  of  them  may  be  directly  derived  from  ha^matin,  and 
these  latter  may  sometimes  replace  the  former. 

UROBILIN  {HydrobUirubin),  C^gH^^N/)^.— Iii  the  urine 
of  fevers,  and  then  in  normal  urine,  Jaffe  found  a  pigment 
which  is  especially  characterised  by  certain  absorption  bands 
in  the  spectrum,  and  by  a  green  fluorescence  when  an  ammo- 
niacal  solution  is  treated  with  chloride  of  zinc.  Hoppe  Seylek, 
however,  is  of  opinion  that  normal  urine  does  not  contain  uro- 
bilin, but  rather  a  compound  that  is  precipitated  by  plumbic 
acetate,  which,  when  decomposed  by  sulphuric  acid  and  alcohol, 
yields  little  by  little  urobilin  in  consequence  of  spontaneous 
oxidation.  This  urobilin  is  recognised  spectroscopically  in 
only  about  10  per  cent,  of  normal  urines,  but  after  treatment 
with  hydrochloric,  sulphuric,  or  nitric  acid  most  urines  show 
the  characteristic  band  between  6  and  F.     Also  by  treating  the 
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urine  with  neutral  and  then  with  basic  lead  acetate,  and  di- 
gesting the  precipitate  with  alcohol  acidulated  with  sulphuric 
acid,  it  is  possible  to  obtain  an  extract  giving  the  same  absorp- 
tion band,  although  with  the  urine  of  fevers  such  treatment 
is  seldom  necessary.  If  the  extract  thus  obtained  is  shaken 
up  with  water  and  chloroform,  and  the  chloroform  extract 
decanted  and  evaporated,  the  urobilin  will  remain  behind  as  a 
coffee  brown,  oily,  neutral  mass.  Maly  maintains  that  the 
hydrobilirubin  he  gets  by  acting  on  bilirubin  with  sodium 
amalgam  is  identical  with  Jaffe's  urobilin  ;  Hoppe  Seyler  also 
regards  as  of  the  same  nature  the  body  obtained  by  the  re- 
ducing action  of  tin  and  hydrochloric  acid  on  haemoglobin  and 
hgematin ;  and  Liebermann  states  that  the  continued  reduction 
of  choletelin  produces  a  similar  substance.  This  hydrobilirubin 
Jaffe  supposes  to  have  its  origin  in  the  intestine  as  the  result 
of  the  action  upon  the  bilirubin  of  the  bile  of  the  nascent 
hydrogen  generated  as  a  consequence  of  many  of  the  intestinal 
decompositions.  And  as  the  bilirubin  is  probably  built  up  in 
the  liver  at  the  expense  of  the  haemoglobin  of  the  blood 
corpuscles,  the  globulin  constituent  furnishing  the  biliary  acids 
(Hoppe  Seyler),  the  urinary  pigment  would  thus  have  its 
primary  source  in  the  breaking  down  of  the  coloured  corpuscles 
of  the  blood.  The  hydrobilirubin,  when  formed,  would  be 
absorbed  as  such  and  excreted  as  the  colouring  matter  of  the 
urine. 

Preparation  of  Hydrobilirubin.  1.  From  Bilirubin  (after 
Maly). — Suspend  the  bilirubin  in  water  and  digest  it  with  sodium 
amalgam  for  some  days  in  a  small  flask  loosely  closed,  warming  oc- 
casionally. The  amalgam  slowly  dissolves,  generating  hydrogen  ;  the 
nascent  gas  reduces  the  bilirubin,  which  dissolves  up  in  the  caustic 
soda  that  gradually  forms  : 

The  colour  of  the  solution  gets  less  and  less,  and  when  no  further 
change  occurs  decant  the  supernatant  fluid  from  the  deposited 
mercury  and  acidulate  it  with  hydrochloric  or  acetic  acid,  which  pre- 
cipitates the  greater  part  of  the  hydrobilirubin  in  brown  flocculi. 
These  are  then  to  be  collected  on  a  filter,  washed  with  water,  dissolved 
up  in  ammonia,  and  reprecipitated  with  hydrochloric  acid.  The 
hydrobilirubin   still  remaining   in  solution   in  the  filtrate  is  to  bo 


470  EXCRETA:    THE  FJLCES  AND    URINE. 

separated  by  adding  to  it  zinc  sulphate  and  then  ammonia ;  this  pre- 
cipitate is  also  to  be  carefully  washed. 

2.  Of  Urobilin  from  Urine. — Highly  coloured  urine  of  fevers 
(10  to  30  litres)  is  rendered  alkaline  with  ammonia,  filtered,  and  the 
filtrate  precipitated  with  chloride  of  zinc.  The  precipitate  is  washed 
with  cold  and  then  with  hot  water,  boiled  with  alcohol,  and  dried  at  a 
gentle  heat.  The  dried  precipitate  is  powdered,  dissolved  in  ammonia, 
and  precipitated  with  neutral  lead  acetate.  To  the  red-coloured  precipi- 
tate some  oxalic  or  sulphuric  acid  is  added,  and  after  it  has  been  rubbed 
up  with  alcohol  and  let  stand  aside  for  24  hours  it  is  to  be  filtered. 
The  acid  alcoholic  filtrate  shows  the  absorption  bands  of  urobilin  as 
well  as  a  green  fluorescence  when  it  is  rendered  alkaline  with 
ammonia  and  a  drop  of  zinc  chloride  solution  added.  The  alcoholic 
solution  is  finally  to  be  shaken  up  with  its  own  volume  of  chloroform 
and  rather  more  than  this  of  water,  when  the  chloroform  takes  up 
the  urobilin.  The  chlor-oform  solution  is  now  to  be  separated  by 
decantation,  shaken  up  once  again  with  watier,  and  the  chloroform 
removed  by  distillation.  An  amorphous  resinous  precipitate  is 
obtained. 

Properties. — Urobilin  is  not  crystalline,  but  forms  hard, 
reddish  brown  masses  with  a  greenish  tint  by  reflected  light.  It  is 
insoluble  in  water,  but  easily  soluble  in  alkalies,  alcohol,  chloro- 
form, and  ether,  forming  rosy  red  solutions  that  exhibit  a  green 
fluorescence,  and  with  suitable  dilution  an  absorption  band 
between  h  and  F.  Its  solution  in  alkalies  is  brownish,  but  it 
becomes  yellow  on  dilution.  Unlike  bilirubin  it  gives  no  colour 
reaction  with  nitric  acid  ;  but  its  ammoniacal  solution,  when 
largely  diluted  and  zinc  chloride  added,  gives  an  evident  green 
fluorescence. 

Detection  of  Urobilin. — 1.  Urine  of  fevers  as  well  as  urines 
that  have  stood  some  time  frequently  show  a  green  fluorescence 
and  the  characteristic  absorption  spectrum  after  having  been 
rendered  strongly  alkaline  with  ammonia,  filtered,  and  a  few 
drops  of  zinc  chloride  solution  added  to  the  filtrate.  If  this  is 
not  obtained  directly,  shake  50  to  100  c.c.  of  the  urine  with 
an  equal  volume  of  pure  ether;  dilute  the  decanted  ethereal 
solution,  and  dissolve  up  the  residue  in  a  few  c.c.  of  absolute 
alcohol.  The  alcoholic  solution  has  generally  a  yellow  tinge, 
is  fluorescent,  and  gives  the  absorption  spectrum.  In  icteric  urine 
urobilin  is  abundant,  and  can  be  obtained  from  it  after  the  bile 
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pigments  have  been  separated  by  milk  of  lime  and  caibonic 
acid. 

2.  Precipitate  200  c.c.  m'ine  with  basic  acetate  of  lead, 
filter,  and  after  having  washed  the  precipitate  with  water 
dry  it  at  a  gentle  heat ;  then  rub  it  up  with  strong  spirit, 
adding  a  little  oxalic  or  sulphuric  acid ;  lay  aside  for  twenty- 
four  hours  and  filter.  The  filtrate  is  fluorescent  and  shows  the 
absorption  band  when  rendered  alkaline  with  ammonia  and 
treated  with  chloride  of  zinc.  These  appearances,  however,  may 
be  better  seen  with  the  extract  obtained  by  shaking  the  al- 
coholic filtrate  with  water  and  chloroform.  Shake  a  little  of  the 
chloroform  extract  with  some  iodine  solution  and  dilute  caustic 
potash :  a  yellow  to  a  brownish  yellow  coloration  is  obtained 
with  marked  greenish  fluorescence  (Gerhardt). 

There  are  many  urines  that  at  first  give  no  absorption 
spectrum,  but  which  after  a  time  become  darker  coloured 
and  exhibit  it  distinctly ;  but  the  same  urines  may  be  made  to 
show  the  characteristic  reaction,  without  such  delay,  by  treating 
them  with  acetate  of  lead  and  decomposing  the  precipitate  by 
means. of  an  acid.  This  leads  one  to  suppose  that  the  urobilin 
is  not  always  present  as  such,  but  may  exist  as  an  uncoloured 
body,  urobilinogen  or  urochromogen — an  opinion,  we  have  seen, 
HOPPE  Seyler  holds  with  regard  to  normal  urine. 

3.  Urobilin  can  easily  be  detected  in  the  faeces  by  extracting 
with  alcohol  and  examining  the  alcoholic  extract  as  in  1  or  2. 

TJEOGHEOME  (Thudichum)  is  an  amorphous  dark  yellow 
coloured  substance,  soluble  in  w^ater  and  less  soluble  in  alcohol, 
ether,  dilute  acids,  and  alkalies.  It  is  decomposed  by  dilute 
acids,  and  when  boiled  with  them  its  decomposition  products 
consist  of  a  mixture  of  uromelanin,  uropittin,  and  omicholin. 
Its  watery  solutions  are  precipitated  by  silver  nitrate,  acetate  of 
lead,  and  acetate  and  nitrate  of  mercury. 

Uromelanin  has  the  formula  CggH^gN-Ojo  (Thudichum), 
showing  a  close  correspondence  to  that  of  the  choroidal  pigment. 

Preparation. — Acidify  the  urine  with  sulphuric  acid,  and 
precipitate  it  completely  with  nitric  acid  solution  of  phospho- 
molybdic  acid  ;  wash  the  precipitate  with  water  slightly  acidu- 
lated with  sulphuric  acid,  and  decompose  it  with  boiling  baryta 
water  in  excess ;  filter  and  free  the  filtrate  from  baryta  by  a 


472  EXCRETA:    THE  F.ECES  AND    URINE. 

current  of  carbonic  acid  gas.  Precipitate  successively  with 
neutral  and  basic  lead  acetate  and  witli  ammonia  ;  collect  the 
precipitates  and  decompose  them  with  hydric  sulphide. 

Or  the  lead  precipitates  may  be  decomposed  with  sulphuric 
acid,  and  the  filtrate  precipitated  with  phospho-molybdic  acid. 

The  urochrome  is  purified  by  shaking  its  aqueous  solution 
with  a  little  freshly  precipitated  oxide  of  silver. 

This  body,  about  which  considerable  doubt  is  still  expressed, 
has  repeatedly  been  prepared  by  the  author  according  to  the 
different  processes  proposed  by  Thudichum.  He  has  also  veri- 
fied many  of  Thudichum's  statements  as  to  its  character  and 
properties,  and  has  convinced  himself  as  to  its  non-identity  with 
hydrobilirubin. 


CHAPTER  XIII. 

INBICAN. 

INDICAN  {Uroxanthin)  belongs  to  the  indigo  series,  which 
is  nearly  related  to  the  benzene  group.  In  certain  plants  of  the 
genus  Indigofera  a  glucoside  exists  called  indican,  CggHajNOj^ ; 
this  body  under  the  influence  of  acids  or  ferments  generates 
indigo  blue  and  indiglucin,  C26H31NO,,  -f  2U^0  =  C^H^NO 
+  3CgHjo06.  SCHUNCK  regarded  the  indican  that  sometimes 
occurs  in  urine  as  of  the  same  nature  as  the  indican  of  plants  ; 
but  Baumann  and  others  affirm  that  the  indican  of  urine  is  not 
a  glucoside,  as  it  yields  no  body  capable  of  reducing  cupric 
salts  (indiglucin,  C,.H,oOjj),  but,  instead,  probably  an  ether  of 
the  same,  oxindol  sulphuric  acid,  and  accordingly  it  is  not 
identical  with  the  indican  of  plants.  Baumann  assigns  to  the 
indican  of  urine  the  formula  KC^HgNSO^,  as  he  considers 
it  indoxyl  potassic  sulphate.  It  is  probably  equivalent  to 
Heller's  uroxanthin ;  the  formula  CgH^NSO^  has  accord- 
ingly been  taken  as  representative  of  the  composition  of  the 
acid,  which,  however,  is  not  known  in  the  free  state.  The 
liver  is  supposed  to  he  the  seat  of  its  formation,  and  Jaffk 
looks  upon  its  appearance  in  the  urine  as  the  result  of  tlie 
presence    of    indol    in    the    alimentary    canal.       When    indol 
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(C^H^N)  is  taken  in  the  food  or  injected  subcutaneously  the 
indican  in  tlie  urine  is  increased.  Indol  is  a  constituent  of 
the  faeces,  being  probably  formed  by  the  continued  action  of 
the  pancreatic  secretion  upon  albumin  (Nencki).  This  indol  is 
oxidised  in  the  organism  and  combines  with  sulphuric  acid,  the 
change  possibly  taking  place  in  the  intestine.  The  greater  part 
of  the  indol  is  eliminated  by  the  faeces,  communicating  to  these 
their  characteristic  odour,  but  part  is  absorbed  and  appears  in 
tlie  urine  as  indican.  In  intestinal  obstruction,  therefore,  it 
should  be  greatly  increased  in  the  urine,  and  Jaffe  has  found 
this  to  be  the  case.  If  finely  powdered  indigo  is  mixed  with 
the  food  of  rabbits  the  urine  will  precipitate  indigo  blue  on 
the  addition  of  hydrochloric  acid  ;  but  this  does  not  hold  good 
with  dogs. 

Many  urines,  when  strongly  acidified  with  hydrochloric  acid, 
become  bbie-coloured  and  deposit  a  blue  pigment ;  and  often 
when  a  urine  containing  indican  becomes  putrid  the  indican 
decomposes,  indigo  white  and  then  indigo  blue  being  formed,  a 
blue  pellicle  appearing  on  the  surface  of  the  urine.  Occa- 
sionally also  it  appears  in  the  sw^eat. 

Preparation,  (a)  Of  Indigo  from  Urine  of  Horse. — Concentrate 
to  a  syrup,  and  extract  with  excess  of  alcohol ;  then  distil  off  the 
alcohol  and  shake  the  residue  with  several  times  its  volume  of  ether. 
The  syrup  now  remaining  is  to  be  separated  from  the  uric  acid 
crystals  with  which  it  is  mixed  and  dissolved  in  water ;  this  solution 
is  treated  with  neutral  and  then  with  basic  acetate  of  lead  so  long  as 
a  precipitate  is  formed,  and  to  the  filtrate  some  acetate  of  lead  and 
ammonia  added,  and  the  whole  laid  aside  for  24  hours.  The  precipi- 
tate then  formed  is  collected,  and  after  it  has  been  expressed  it  is 
suspended  in  water  and  a  current  of  carbonic  acid  passed  through. 
The  filtrate  from  this  is  evaporated  to  dryness,  the  residue  extracted 
with  alcohol,  and  a  current  of  hydric  snlphide  passed  to  separate  any 
lead  that  may  be  present.  The  final  filtrate  then  obtained  is  evapo- 
rated to  dryness,  but  the  product  is  impure. 

The  filtrate  also  from  the  normal  and  basic  lead  acetate  may  be 
precipitated  with  ammonia,  and  the  precipitate  collected,  washed,  and 
decomposed  with  fuming  hydrochloric  acid.  From  the  filtrate  indigo 
blue  separates,  generally  mixed  with  some  lead  chloride. 

Dog's  urine,  which  is  very  rich  in  indican,  may  be  u;^ed  instead  of 
horse's  urine.  Even  on  boiling  it  with  liyJrocliloric  acid  it  is  pos- 
sible to  obtain  the  indigo  as  a  fine  powder. 
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(b)  From  Indigo. — In  the  following  process  tbe  ])urificatioii  is 
efl'ected  by  first  reducing  tbe  crude  indigo  to  indigo  white,  and  then 
reoxidising  the  latter.  Reduce  some  finely  powdered  indigo  (3  parts) 
with  slaked  lime  (6  parts),  ferrous  sulphate  (4  parts),  mixing  them 
together  with  boiling  water  (450  parts),  and  filling  a  flask  completely 
with  the  mixture;  cork  tightly  and  lay  aside  till  a  deep  yellow  solu- 
tion is  obtained;  indigo  white  or  indigogen  is  formed  (CigHjoNaOo). 
Now  transfer  the  fluid  by  means  of  a  syphon  to  a  vessel  containing 
dilute  hydrochloric  acid  :  a  precipitate  is  obtained,  particularly  after 
the  whole  has  been  well  shaken,  the  indigo  white  having  oxidised  into 
indigo  blue  or  indigotin  :  C16H12N2O2  +  O  =  C16H10N2O2  +  HgO. 
If  little  or  no  exposure  to  the  air  has  occurred,  the  yellow  liquid  will 
give  a  precipitate  of  indigo  white  on  the  addition  of  the  hydrochloric 
acid  ;  but  this  body  absorbs  oxygen  with  great  avidity. 

Cautious  sublimation  of  commercial  indigo  gives  nearly  pure 
ipdigo  blue.  The  sublimation  is  best  effected  by  mixing  powdered 
indigo  (1)  with  plaster  of  Paris  (2),  making  into  a  ]3aste  with  water, 
and  then  drying  upon  an  iron  plate.  Heat  this  mass  over  a  spirit 
lamp,  and  minute  irregular  crystals  of  pure  indigo  will  appear  on  the 
surface.  When  these  crystals  are  sublimed  they  rise  as  a  fine  blue  or 
violet  red  vapour,  that  condenses  into  dark  blue  needles  having  a 
coppery  lustre.  These  are  insoluble  in  water,  alcohol,  ether,  and 
dilute  acids  and  alkalies,  but  easily  soluble  in  boiling  chloroform  or 
amyl  alcohol. 

Quantity  of  Indican.  —  Normal  urine  is  poor  in  indican ; 
it  gives  no  coloured  chloroform  solution  if  previously  treated 
with  an  equal  volume  of  hydrochloric  acid.  As  a  mean  Jaffe 
found  6*6  milligrams  in  1,000  c.c,  but  it  appears  to  be  abundant 
in  the  urine  of  inhabitants  of  the  tropics.  Horse's  urine  con- 
tains 152  milligrams  in  1,000  c.c.  Feeding  dogs  with  gelatin 
did  not  increase  the  indican,  while  a  corresponding  amount  of 
flesh  raised  it  to  16  to  17  milligrams  per  day.  The  quantity 
of  indican,  however,  is  very  variable,  and  the  same  may  be  said 
for  its  indications.  In  cases  of  cancer  of  the  stomach  and 
liver  HoPPE  Seyler  some  days  found  much  indigo,  but  only 
traces  on  others. 

Tests. — 1.  Mix  20  to  40  drops  urine  with  3  or  4  c.c.  fuming 
hydrochloric  acid  ;  or  the  urine  may  be  warmed  after  the  addi- 
tion of  a  little  hydrochloric  or  nitric  acid :  a  violet  red  or 
intense    blue   colour    is    developed.      Sometimes  the  addition 
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of  2  or  3  drops  concentrated  nitric  acid  favours  the  reaction 
(Hkllp:r). 

2.  Mix  equal  volumes  of  the  urine  and  of  hydrochloric  acid, 
and  add  cautiously,  drop  by  drop,  a  saturated  solution  of  chloride 
of  lime,  shaking  well  until  a  green  colour  makes  its  appear- 
ance ;  if  much  indican  is  present  a  red,  violet,  or  blue  colour 
will  develop,  and  a  blue  deposit  may  be  obtained  on  filtration 
(Jaffe).  Normal  urine  generally  gives  a  reddish  violet  colour 
when  thus  treated.  Senator  recommends  the  addition  of 
chloroform  after  the  chloride  of  lime  ;  when  the  whole  is  then 
well  shaken  the  chloroform  dissolves  up  the  indigo  blue  formed 
and  sinks  to  the  bottom  of  the  vessel  as  a  blue  solution  w^hich 
gives  an  absorption  band  in  the  spectrum  between  c  and  D 
(Stokvis).  Ether  can  be  employed  instead  of  the  chloroform, 
and  a  dilute  solution  of  bromine  water  in  place  of  the  lime 
chloride  solution,  which  does  not  keep  well.  The  reaction  can 
also  frequently  be  obtained  by  the  addition  of  -Jth  the  volume 
of  the  urine  of  hydrochloric  acid  followed  by  the  chloroform 
alone.  If  the  urine  contains  albumin  this  must  be  separated 
before  applying  the  test,  while  an  excess  of  pigment  may  be 
removed  by  lead  acetate. 

3.  Warm  the  urine  with  twice  its  volume  of  nitric  acid, 
and  shake  with  a  little  chloroform  and  ether:  if  indigo  blue 
is  present  a  violet  blue  solution  will  be  obtained,  giving  the 
absorption  band.  Or  the  same  result  will  be  obtained  by 
the  addition  of  some  hydrochloric  acid  containing  a  trace  of 
nitric  acid,  and  subsequently  shaking  the  mixture  up  with  a 
little  chloroform. 

Quantitative  Estimation.  I.  Approximative. — The  quantity  may 
be  approximately  estimated  by  adding  5  c.c.  hydrochloric  acid  to 
20  or  30  drops  of  urine,  warming  gently  without  boiling,  and  agitat- 
ing constantly.  Dark  striae  form,  and  the  colour  soon  becomes  a 
very  pale  violet,  a  darker  violet,  or  a  pale  or  dark  blue.  Now  add 
2  drops  nitric  acid  and  warm  gently  :  the  blue  and  violet  tints  disap- 
pear and  a  more'or  less  intense  yellow  tint  makes  its  appearance — 
very  slowly  when  the  indican  is  abundant,  but  rapidly  when  it  is 
scanty.  The  indican  is  diminished  or  absent  when  no  change,  or  only 
a  pale  violet  tinge,  is  attained ;  evidently  present  when  the  violet 
colour  is  marked;    abundant  when    it  is  of  a  distinct    blue;  very 
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abundant  when  there  is  produced  im mediately  ablacl^ish  pulverulent 
precipitate. 

II.  Quantitative  (Salkowski). — (1)  To  j^repare  the  standard  solu- 
tio7i  of  indigo  blue  bring  some  finely  powdered  indigo  blue  upon  a 
filter  and  w^eigli  it  between  watch  glasses.  Then  pour  some  hot 
chloroform  repeatedly  upon  the  filter,  and  after  drying  the  filter  be- 
tween the  watch  glasses  weigh  it  again  :  the  loss  in  weight  will  give 
the  amount  of  indigo  blue  dissolved  in  the  chloroform.  About 
200  c.c.  chloroform  may  be  employed  for  the  purpose.  (2)  Take  two 
small  beakers  and  place  10  c.c.  urine  and  10  c.c.  hydrochloric  acid  in 
each.  Add  to  the  one  (a)  0'2  c.c.  and  to  the  other  (h)  0  4  c.c.  filteied 
solution  of  chloride  of  lime  (1  I  20).  After  half  a  minute  or  so  note 
the  change  of  colour — b  is  generally  darker  in  tint.  To  «  add  04  c.c. 
more,  and  to  b  the  same ;  note  the  colour  about  30  seconds  or  so  after 
each  addition,  and  continue  adding  more  until  the  tint  becomes  no 
darker,  but  rather  brighter  from  destruction  of  the  indigo.  Suppose 
that  to  effect  this  1*2  c.c.  have  been  added,  then  we  may  regard  1  c.c. 
as  sufficient  for  our  estimation. 

(3)  Now  take  10  c.c.  urine,  10  c.c.  hydrochloric  acid,  and  1  c.c. 
chloride  of  lime  solution,  and  mix  them  together.  This  is  to  be 
neutralised  with  caustic  soda,  saturated  to  excess  with  carbonate  of 
soda,  thrown  on  a  small  filter,  and  washed  thoroughly  with  hot  water 
till  the  alkaline  reaction  has  disappeared  ;  the  filter  is  next  dried,  cut 
into  pieces,  and  heated  in  a  small  flask  with  chloroform  until  the 
colour  is  completely  removed  from  the  filter  paper.  The  same  is  also 
to  be  done  with  the  urine  prepared  as  in  (2).  For  urines  moderately 
rich  in  indican  about  30  c.c.  chloVoform  are  required,  but  for  urines 
rich  in  this  body  much  more  is  necessary.  Accordingly,  to  save  the 
chloroform  only  2*5  or  5  c.c.  of  the  urine  may  be  originally  employed 
instead  of  10  c.c,  this  being  made  np  to  10  c.c.  wdth  water.  (4)  Filter 
the  chloroform  extract  into  a  dry  cylinder,  and  dilute  np  to  a  round 
number  with  chloroform. 

(5)  It  is  next  necessary  to  determine  the  intensity  of  colour,  and 
for  this  purpose  we  should  be  provided  with  two  little  flattened  glass 
chambers,  whose  walls  are  about  1  cm.  apart.  These  may  be  fixed 
on  the  same  plate  of  glass.  To  the  one  add  10  c.c.  chloroform 
extract,  and  to  the  other  10  c.c.  chloroform.  Into  the  latter  drop 
from  a  small  burette  as  much  indigo  solution  of  known  strength  as 
will  impart  the  same  intensity  of  blue  as  that  of  the  chloroform 
extract.     Place  the  little  vessels  on  white  paper. 

10  c.c.  urine  gave  30  c.c.  blue-coloured  chloroform  exti-act. 
10  c.c.  pure  chloroform  required  an  addition  of  20  c.c.  of  the  standard 
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indigo  solution  to  attain  the  same  intensity  of  colour.  Tlie  indigo 
solution  contains  'in  200  c.c.  0*0074  gram  indigo ;  therefore  20  con- 
t  lin  0'00074 ;  accordingly  the  10  c.c.  of  urine  from  which  the 
chloroform  extract  was  obtained  contain  0  00074  gram  indigo,  and 
100  =  0-0074  gram.  * 

Derivatives. — Indican  combines  with  the  metals,  forming  salts 
that  are  not  decomposed  by  acetic  acid,  but  readily  so  by  the  stronger 
acids  even  in, a  dilute  form;  under  their  influence  it  splits  up,  sul- 
phuric acid  separating  and  indigo  blue  being  generated.  Concentrated 
hydrochloric  acid,  to  every  100  c.c.  of  which  2  drops  chloride  of  lime 
solution  (1  :  20)  have  been  added,  serves  this  purpose  admirably.  It 
is  thus  resolved  into  sulphuric  acid  and  oxindol,  the  latter  passing 
readily  into  indigo  blue  : 

2C8H6NKS04=Ci6HioN,02  (indigo  blue)  +  2KHS0,. 

By  the  action  of  concentrated  acids  a  purple  red  sublimable  body, 
probably  identical  with  Heller's  urrhodin  and  Schunck's  indigrubin, 
is  obtained,  which  is  insoluble  in  water,  but  forms  a  carmine  red 
solution  in  alcohol  and  ether.  Many  urines  are  especially  rich  in 
this  urrhodin. 

Indigo  Blue  (CgH.jNO)  forms  minute  irregular  crystals ;  it  is 
insoluble  in  water,  alcohol,  ether,  and  dilute  acids  and  alkalies,  but 
easily  soluble  in  boiling  chloroform  or  amyl  alcohol,  the  solution  in 
this  last  reagent  giving  an  absorption  band.  It  dissolves  in  strong 
sulphuric  acid,  forming  a  blue  solution,  and  if  to  a  w^eak  solution  of 
indigo  blue  in  sulphuric  acid  soda  and  then  sodic  sulphate  are  added, 
indigo  carmine  [C,6HjgN202(S03K)2]  is  generated,  which  shows  a 
dark  absorption  band  between  c  and  d  of  the  spectrum. 

Indigo  blue  when  heated  with  strong  reducing  agents,  as  by  dis- 
tillation over  heated  zinc  dust,  &c.,  generates  oxindol,  and  finally  indol. 
Indigo  white  (CgHgNO  or  CieHjoNgOs)  is  one  of  its  first  reduction 
products.  This  indol  (CgHyN)  is  one  of  the  decomposition  products 
of  albuminous  bodies,  and  it  is  possibly  also  one  of  the  results  of  the 
continued  pancreatic  digestion  of  such  bodies  (Nencki),  although  its 
appearance  is  more  probably  due  to  a  simultaneous  putrefaction,  for 
no  indol  makes  its  appearance  if  salicylic  acid  is  present.  Indol  is 
readily  prepared  by  decomposing  albumin  with  the  caustic  alkalies; 
also  in  small  quantity  by  heating  albumin  in  water  up  to  200°  under 
pressure.  It  crystallises  from  its  solutions  in  hot  water  in  shining 
colourless  laminae,  and  when  fused  with  potash  it  is  converted  into 
anilin ;  potassic  nitrite  added  to  its  solution  acidulated  with  HCl 
gives  a  rosy  red  coloration,  and  a  deal  shaving  that  has  been  dipped  in 
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hydrochloric  acid  is  stained  a  deep  red  by  its  vapour,  or  when  dipped 
in  its  solution ;  with  picric  acid  it  forms  a  crystalline  compound. 

Skafol  (C9H9N— Nencki  and  Brieger)  is  another  product  of 
the  putrefactive  changes  occurring  in  the  intestine  which  may  be  here 
just  passingly  referred  to.  When  present  in  the  urine  it  gives  a 
violet  red  colour  with  strong  hydrochloric  acid  and  chloride  of  lime 
(Brieger),  and  is  soluble  in  water  and  ether.  When  a  mixture  of 
finely  divided  muscle  and  pancreas  is  allowed  to  putrefy,  and  then 
distilled  after  the  addition  of  acetic  acid,  skatol  distils  over.  It  can 
next  be  precipitated  with  picric  acid,  and  the  precipitate  distilled 
with  ammonia  (Nencki). 

By  suspending  some  finely  powdered  indigo  blue  in  boiling  water 
(3),  and  gradually  adding  to  it  nitric  acid  (sp.  gr.  1'3),  the  blue  colour 
disappears,  and  from  the  filtrate  when  cold  isatin  separates.  This 
last  body  can  be  dissolved  up  again  in  caustic  potash,  reprecipitated 
with  hydrochloric  acid,  and  crystallised  from  alcohol,  from  which  it 
is  deposited  in  brilliant  reddish  yellow  prisms.  After  the  ingestion 
of  isatin  the  urine  is  altered  to  a  red  or  black  colour,  and  gives  a  dark 
red  granular  precipitate  that  is  insoluble  in  water,  but  soluble  in 
alcohol  and  acetic  acid. 

The  continued  reduction  of  isatin  produces  the  following  bodies  : — 


(Isatin  =  CieHioN^O^) 
Isatyd  =  CigHioNaO.! 
Dioxindol  =  C16H14N2O4 


Oxindol  =  CnjHi.NsOa 
Indol       =  C16H14N2 


When  boiled  with  strong  caustic  potash  it  is  decomposed  into 
anilin,  hydrogen,  and  carbonic  anhydride.  Strong  nitric  acid,  when 
boiled  with  it,  gives  nitro-salicylic  acid,  and  if  the  oxidation  is  con- 
tinued picric  acid,  CqH2(N02)30II. 

Indigo  forms  two  sulphates  with  boiling  sulphuric  acid — indigo- 
monosulphonic  acid  (Cj^HyN^O^.SO;,!!),  and  sulphindigotic  acid, 
C,gHyN.2^2(>^03H)2.  Crude  indigo,  when  boiled  in  succession  with 
.dilute  acetic  acid,  yields  indigo  gelatin ;  with  dilute  caustic  potash, 
indigo  brown  ;  with  alcohol,  indigo  red ;  leaving  a  residue  of  nearly 
pure  indigo  blue. 
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CHAPTER   XIV. 

ADDITIONAL    ORGANIC   CONSTITUENTS. 

I.  Phenol  Sulphoi)ic  Acid,  C6H5.SO4H. — In  the  24  hours  only 
about  O'OOl  gi-aiu  is  excreted  in  the  urine ;  but  this  may  be  in- 
creased to  three  times  that  amount  with  a  rich  vegetable  diet,  or 
after  ingestion  of  phenol  or  benzol;  and  a  pathological  increase 
shows  itself  in  peritonitis,  particularly  in  ileus  and  lympho-sarcoma- 
tous  tumour  in  the  abdominal  cavity.  0-17  to  0-23  or  even  0*34 
gram  in  the  24  hours  has  been  observed. 

It  can  be  prejmred  from  horse's  urine  by  evaporating  it  to  a  small 
bulk,  extractinfi;  this  with  alcohol,  and  evaporating  the  extract  to  a 
syrup,  which  is  to  be  laid  aside  in  a  cold  place  to  crystallise.  The  deposit 
is  collected  and  dried  between  folds  of  filter  paper  and  then  recrystallised 

^  j^  [  SO4  )  is  thus 

obtained,  forming  white  pearly  scales. 

If  rapidly  heated  it  melts,  and  dissolves  easily  in  water;  the 
solution  gives  a  ruby  red  colour  with  ferric  chloride. 

II.  Cressol  Sulphonic  Acid,  06114(0113)80411.  -In  human  urine 
this  is  present  in  only  very  small  proportion,  while  in  the  urine  of  the 
herbivora  it  is  comparatively  abundant ;  accordingly  its  amount  is 
affected  by  the  diet. 

The  potassic  salt  of  this  body  closely  resembles  that  of  the  previous 
acid.  When  treated  with  hydrochloric  acid  it  is  decomposed  into 
sulphonic  acid  and  paracressol,  an  oily  body  distilling  at  197°  and 
forming  colourless  prisms  at  a  low  temperature. 

III.  Brenzcatechin  Sulphonic  Acid  is  another  occasional  con- 
stituent of  human  urine.  Its  presence  is  usually  indicated  by  the  urine 
containing  it  becoming  dark-coloured  when  decomposition  is  setting 
in.  The  dark  brown  coloration  shows  itself  first  in  the  surface 
layers  ;  when  treated  now  with  alkalies  it  soon  becomes  of  a  brownish 
black. 

This  body  reduces  ammoniacal  solutions  of  silver  and  mercuric 
nitrate,  and  alkaline  solutions  of  cupric  sulphate.  It  can  be  separated 
from  a  urine  containing  it  with  acetate  of  lead,  which  does  not  precipi- 
tate grape  sugar. 

Hydrochloric  acid  decomposes  this  acid  into  sulphuiic  acid  and 
brenzcatechin  [06H4(OH)2],  a  body  apparently  identical  with  Boe- 
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decker's  alkaptoii.  This  brenzcatechin  reduces  auric,  argentic, 
and  cupric  salts;  its  alkaline  solution,  when  exposed  to  the  air, 
absorbs  oxygen,  and  takes  a  greenish  and  then  a  brownish  black 
colour.  Its  wateiy  solution  gives  a  smalt  green  with  ferric  chloride, 
or  a  violet  after  the  addition  of  acetic  acid  and  ammonia. 

The  administration  of  pyrogallic  acid  [CgH3(OH)3],  salicin 
(CigHigOy),  hydroquinon  and  resorcin  [C(iH4(OH)2]  causes  an  in- 
crease in  the  amount  of  bienzcatechin  sul phonic  acid. 

IV.  Kryptophanic  Acid  (C.^HgNO,^)  has  been  described  by 
Thudichum  as  the  normal  free  acid  of  the  urine.  He  regards  it  as  a 
tetrabasic  body  that  unites  freely  with  the  metals,  forming  salts,  and 
he  obtains  it  therefrom  as  a  transparent,  gummy,  solid  body,  whose 
aqueous  solutions  are  precipitated  by  silver  and  mercuric  nitrates. 

Maly,  Pircher,  and  Salkowski,  however,  have  not  found  it, 
and  accordingly  they  regard  it  as  a  variable  mixture  of  still  unknown 
bodies. 

y.  Nephrozymase  is  a  body  described  by  B^champ  as  occurring 
in  normal  urine,  and  which  is  precipitated  from  that  fluid  by  the 
addition  of  three  times  its  volume  of  alcohol.  It  is  a  protein  sub- 
stance, according  to  him,  which  between  60°  and  70°  forms  sugar ; 
but  Leube  regards  it  as  a  mixture  of  an  albuminous  and  of  a  saccha- 
rine body. 

VI.  In  the  urine  of  old  people  Alcohol  is  always  present  in  small 
proportion. 


CHAPTER    XV. 

THE  INORGANIC  CONSTITUENTS  OF  URINE, 

These,  as  we  have  seen,  consist  chiefly  of  the  bases  sodium, 
potassium,  ammonium,  calcium,  magnesium,  and  iron  combined 
with  hydrochloric,  phosphoric,  and  sulphuric  acids,  together 
with  gases  and  traces  of  nitrates.  The  sodium  exists  mainly  as 
chloride.  The  bases,  as  well  as  their  amount,  depend  largely 
on  the  nature  of  the  food ;  if  the  food  is  deficient  in  salts,  so 
also  will  be  the  urine.  With  a  vegetable  diet  the  excess  of  the 
alkalies  in  the  food  reappears  in  the  urine,  and  with  an  animal 
diet  the  earthy  bases  predominate. 

CHLORIDES. — Chloride   of    sodium    is    one    of   the    most 
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essential  of  the  saline  constituents  of  the  organism.  It  is  con- 
tained in  all  its  tissues  and  secretions,  and  its  presence  excites 
assimilation,  as  well  as  being  indispensable  for  the  formation  of 
most  of  the  secretions,  and  particularly  of  the  gastric  juice. 

It  crystallises  in  the  cubic  system,  but  when  the  crystals 
form  in  a  solution  containing  organic  substances  it  appears  in 
the  form  of  octohedra  as  well  as  in 
cubes ;  sometimes  it  is  met  with  in  the 
urine  crystallised  in  combination  with 
urea  in  the  form  of  rhombic  plates 
(COTsyi^NaCl  +  H^O). 

A  saturated  watery  solution  con- 
tains at  ordinary  temperatures  3 1*84 
per  cent,  of  the  salt.  It  is  almost  in- 
soluble in  absolute  alcohol.    A  standard  fig.  33.-crystals  of  sodium 

Chloride. 

solution   can   be    readily   prepared   by 

adding  an  excess  of  the  salt  to  water,  agitating  frequently, 
and  filtering  after  twenty-four  hours.  10  c.c.  of  this  solution 
contain  exactly  3*184  grams  NaCl ;  and  20  c.c.  are  diluted  with 
water  up  to  318*4  c.c,  of  which  10  c.c.  =  0-2,  or  200  milligrams 
of  NaCl. 

Amount, — The  proportion  of  chlorides  in  normal  urine  is 
greater  than  that  of  all  the  other  salts  together  ;  only  in  high 
fevers  is  it  less  than  the  sum  of  the  sulphates  and  phos- 
phates. 

In  male  adults  the  proportion  of  chlorine  excreted  in  the 
24  hours  =6  to  10  grams  (NaCl  =10  to  16  grams),  or  a  mean 
of  7  grams  chlorine  (108  grs.)  and  11*5  grams  sodium  chloride 
(178  grains),  or  0*126  gram  per  kilo,  of  body  weight;  in 
adult  females  a  mean  of  5*5  to  6'5  grams  chlorine,  or  0*116 
per  kilo. ;  and  for  children  above  3  years  4*5  to  5*3  grams 
chlorine.  Hegar  places  the  average  about  II  to  15  grams, 
though  he  says  it  may  vary  between  7*4  and  13  grams  ;  Vogel 
gives  it  as  10  to  13  grams. 

The  amount  undoubtedly  varies  in  different  individuals, 
and  varies  even  on  different  days  in  the  same  person,  some- 
times as  much  as  30  to  60  per  cent.,  depending  on  the  nature 
and  amount  of  the  food,  being  increased  some  hours  after  a 
meal,   salt  beef  and  copious   ingestion  of  fluids   parLicularJy 

I  I 
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augmenting  it;  but,  as  Barral  has  shown,  the  whole  of  the 
sodic  chloride  in  the  food  is  not  excreted  as  such,  about  a  fifth 
of  it  being  decomposed  by  acid  potassic  phosphate  to  form 
potassic  chloride  and  acid  sodic  phosphate.  Mental  and  phy- 
sical activity  also  increase  it,  and  it  is  more  abundant  during 
pregnancy.  Eohmann  is  of  opinion  that  the  organic  albiunin 
in  becoming  circulating  albumin  binds  sodium  chloride  with 
itself,  and  that  this  is  liberated  in  the  decomposition  of  the 
albumin. 

Tests. — 1.  Silver  nitrate  produces  a  white  precipitate  of 
silver  chloride  which  is  insoluble  in  nitric  and  hydrochloric 
acids,  readily  soluble  in  ammonia,  and  blackens  on  exposure  to 
the  light. 

2.  Mercurons  nitrate  gives  a  white  precipitate  (calomel) 
which  is  insoluble  in  water  and  blackened  by  ammonia.  Both 
these  tests  can  be  applied  to  the  urine. 

3.  A  solution  of  a  chloride  gives  a  white  precipitate  of 
plumbic  chloride  on  the  addition  of  neutral  jpliinibic  acetate, 
which  is  soluble  in  boiling  water. 

4.  Strong  sulphuric  acid  added  to  the  dry  salt  causes 
hydrochloric  acid  gas  to  be  evolved. 

5.  Sodic  chloride  imparts  an  intense  yellow  colour  to  tlie 
flame,  giving  the  well-marked  double  line  D  in  the  spectrum. 

Pathological  Alterations. — In  estimating  the  chlorides  it  must 
be  remembered  that  part  of  them  is  to  be  reckoned  as  potassic  chloride. 
Salkowski  indeed  believes  that  the  amount  of  the  potassic  chloride  is 
increased  during  febrile  affections,  even  to  three  to  five  times  its 
ordinary  amount,  after  the  crisis  its  quantity  returning  to  the  normal. 
A  fever  patient  therefore  excretes  more  potash  than  soda,  the  con- 
valescent more  soda  than  potash.  ZQlzer  has  shown  that  with  the 
diminution  in  the  excretion  of  phosphoric  acid  in  fever  there  is  also  a 
diminished  excretion  of  sodium  chloride,  whilst  the  potassium  chloride 
is  correspondingly  increased.  Rohmann's  experiments  indicate  that 
in  fever  less  sodic  chloride  is  excreted  than  is  ingested,  which  would 
point  to  a  retention  of  the  salt  in  the  economy.  But  the  character 
of  the  food  in  fevers  must  have  an  influence  on  the  amount  of  potassic 
chloride  in  the  urine,  coffee,  beef  tea,  and  beer,  <fec.,  being  lich  in 
potash  salts.  The  sodic  chloride  seems  to  be  required  in  inflammatory 
exudations,  effusions,  or  other  exudations.  Proliferations  (as  in  cancer) 
and  different  fluxes  or  discharges  cause  it  to  disappear  in  whole  or  in 
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part  from  the  urine.  In  all  acute  fevers,  particularly  those  in  which 
thei-e  are  abundant  exudations,  new  formations,  or  fluxes,  there  is 
likewise  a  notable  diminution  in  the  chlorides  excreted.  In  these 
cases  not  merely  is  the  ingestion  of  the  salt  lessened,  but  it  is  kept 
back  in  the  body.  In  pneumonia,  for  example,  towards  the  crisis  the 
sodic  chloride  may  be  absent  from  the  urine  :  thus  in  a  case  of  croupous 
pneumonia  during  the  fever  there  was  a  daily  excretion  of  1  to  1'6 
gram ;  the  day  after  the  crisis,  7'87  grams ;  and  the  second  day, 
16' 18  grams.  That  it  is  not  diminished  entirely  on  account  of  its 
excretion  elsewhere  in  exudation  is  seen  by  its  diminution  in  such 
diseases  as  typhus,  recurrent  fever,  &c.  In  most  chronic  diseases  also 
the  chlorides  are  likewise  lessened  in  the  urine,  as  is  the  case  often  in 
Bright's  disease,  rickets,  chorea,  and  pemphigus ;  and  they  are  absent 
in  cholera. 

In  the  early  days  after  the  crisis  of  fevers  the  chlorides  are  in- 
creased ;  also  after  the  absorption  of  exudations  and  transudations, 
and  occasionally  in  prurigo  and  diabetes.  In  diseased  conditions  an 
increase  in  the  elimination  of  chlorine  may  be  generally  regarded  as 
a  favourable  sign . 

Volumetric  Determination  of  CUoride  of  Sodium  in  TTrine. 

I.  Liebig's  Process.— This  process,  though  very  interesting  theo- 
retically, cannot  be  recommended,  some  authorities  even  regarding  it 
as  comparatively  useless  (Habel  and  Fernholtz). 

A  solution  of  urea  gives  a  precipitate  with  a  solution  of  mercaric 
nitrate,  but  no  precipitate  with  mercuric  chloride.  Now  if  mercuric 
nitrate  is  added  to  a  solution  of  the  sodium  chloride,  double  de- 
composition occm-8  (Hg2N03 -f  2NaCl  =  HgCl2  +  SNaNO^)  and 
mercaric  chloride  is  formed ;  so  that  if  urea  also  were  present 
it  would  not  be  precipitated  by  the  mercuric  nitrate  until  all  the 
sodic  chloride  had  been  decomposed.  Upon  this  fact  Liebig's  pro- 
cess is  based.  A  weak  solution  of  mei curie  nitrate  of  known 
strength  is  added  to  the  solution  of  sodic  chloride,  which  also 
contains  some  urea,  until  a  permanent  turbidity  is  produced,  slight 
opalescence  that  disappears  on  shaking  being  disregarded.  The  urea 
here  acts  as  the  indicator  of  the  termination  of  the  reaction. 

Preparation  of  the  Mei'curial  Solution. — Tlie  solution  must  be  as 
free  as  possible  from  traces  of  other  metals,  such  as  bisnuith  or  lead, 
as  these  would  produce  a  cloudiness  in  the  liquid  while  being  titrated, 
and  thus  interfere  with  the  exact  ending  of  the  reaction  being  readily 
recognised.  Pure  mercury  must  therefore  be  employed,  or,  what  will 
be  better,  pure  red  mercuric  oxide.     18*42  grams  of  this  oxide  are 
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placed  in  a  beaker  with  sufficient  nitric  acid  to  dissolve  the  oxide  with 
the  aid  of  a  gentle  heat,  and  when  a  clear  solution  is  obtained  it  is 
evaporated  to  a  syrupy  consistence  to  expel  excess  of  free  acid.  It  is 
next  diluted  with  water,  and  if  the  preliminary  operations  have  been 
})roperly  carried  out  a  yellow  precipitate  of  basic  nitrate  of  mercury 
will  be  deposited,  which  must  be  allowed  to  settle ;  the  clear  super- 
natant liquid  is  poured  off,  and  a  few  drops  of  nitric  acid  added  to 
the  precipitate  to  redissolve  it.  An  excess  of  acid  must  be  carefully 
guarded  against,  as  it  would  materially  interfere  with  the  accuracy  of 
the  titration.  The  two  fluids  are  then  mixed  and  the  solution 
graduated.  10  c.c.  of  the  standard  sodium  chloride  are  poured  into  a 
beaker,  and  to  this  3  c.c.  of  a  4  per  cent,  solution  of  urea  and  5  c.c. 
of  saturated  solution  of  sodic  sulphate  are  added.  The  mercuric 
solution  is  now  allowed  to  drop  slowly  into  this  mixture,  the  fluids 
being  agitated  with  a  glass  rod,  and  the  addition  continued  until  a 
permanent  precipitate  is  formed,  any  temporary  opalescence  being 
disregarded.  If  now,  to  produce  this  result,  say  7  c.c.  of  the  mer- 
curial solution  were  required,  it  is  too  strong  and  must  be  diluted 
with  its  own  volume  of  water.  Let  the  solution  thus  diluted  be 
again  titrated;  and  suppose  14  c.c.  are  required  by  the  10  c.c.  of  the 
sodic  chloride  solution  to  form  a  permanent  precipitate,  then  to  every 
140  c.c.  of  the  mercurial  solution  60  c.c.  of  water  must  be  added,  so 
as  to  obtain  a  solution  of  which  20  c.c.  shall  be  equal  to  10  c.c.  of  the 
standa,rd  sodium  chloride  solution,  and  100  c.c.  exactly  indicate 
1  gram  NaCl,  or  1  c.c.  =  0*01  or  10  milligrams. 

Before  the  iiri7ie  can  he  titrated  the  'phosphoric  acid  present  in  it, 
which  would  precipitate  the  mercuric  nitrate,  must  be  removed.  This 
is  done  by  the  addition  of  a  haryta  miixture  thus  prepared  : — 

Saturated  solution  of  barium  nitrate  .          .         .     1  volume 
Baryta  water  (saturated) 2  volumes 

Process. — 100  c.c.  of  the  urine  are  mixed  with  50  c.c.  of  the  baryta 
mixture,  well  shaken,  and  filtered.  As  the  filtrate  is  alkaline  it  must 
first  be  carefully  acidulated  with  a  few  drops  of  nitric  acid,  and  15  c.c. 
(=  10  c.c.  urine)  are  taken  and  titrated  with  the  mercuric  solution. 

If  the  urine  contains  albumin  this  must  first  be  removed  by  boil- 
ing the  urine  after  it  has  been  acidified  with  acetic  acid. 

II.  Mohr's  Process. — To  this  process  also  there  are  many  objec- 
tions in  the  case  of  urine,  particularly  when  the  chloride  is  present  in 
small  amount,  as  in  the  urine  of  fevers  ;  but  it  serves  very  well  when 
the  chlorides  are  abundant. 

If  nitrate  of  silver  is  added  to  a  solution  containing  sodic  chloride, 
neutral  chromate  of  potash,  and  an  alkaline  phosphate,  the  chlorides 
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will  first  be  precipitated,  then  the  ehromate,  and  lastly  the  phosphate, 
the  production  of  a. red  coloration  (due  to  the  formation  of  ehromate 
of  silver)  indicating  the  completion  of  the  precipitation  of  the  chloride. 
This  process  of  Mohr's  has  been  applied  by  Neubauer  to  the  volu- 
metric analysis  of  chlorides  in  urine,  neutral  potassic  ehromate  being- 
used  as  the  indicator. 

1.  Standard  Silver  Nitrate. — Dissolve  29  "075  grams  fused  nitrate 
of  silver  in  1,000  c.c.  distilled  water  :  1  c.c.  =  O'Ol  NaOl. 

2.  Saturated  Solution  of  Neutral  Potassic  Chromate. 

Process, — 10  c.c.  urine  are  diluted  with  100  c.c.  distilled  water, 
and  a  few  drops  of  potassic  chromate  added.  The  silver  solution  is 
now  allowed  to  di'op  in  slowly  until  the  appearance  of  a  trace  of 
orange  indicates  the  end  of  the  reaction. 

Only  in  cases  where  the  urine  is  not  highly  coloured  can  it  be 
titrated  directly  as  above.  An  excess  of  the  silver  solution  is  required, 
as  the  urine  contains  certain  compounds  more  readily  precipitable 
than  the  chromate  ;  accordingly  1  c.c.  should  be  subtracted  from  the 
total  number  of  c.c.  of  the  silver  solution  used  before  making  the  cal- 
culation. But  if  the  urine  is  high  coloured,  or  at  all  decomposed,  or 
contains  excess  of  uric  acid,  mucus,  or  albumin,  one  of  the  following 
processes  is  to  be  adopted  so  as  first  to  remove  these  oi'ganic  com- 
pounds : — 

1.  Measure  10  c.c.  of  the  urine  into  a  platinum  capsule,  add  to 
this  1  to  2  grams  pure  nitre,  evaporate  to  dryness,  and  then  heat  the 
residue  carefully  till  the  ash  appears  white ;  allow  to  cool,  dissolve  up 
the  ash  in  water,  and  filter;  acidulate  the  filtrate  with  dilute  nitric 
acid,  and  having  neutralised  with  carbonate  of  lime,  add  2  or  3 
drops  of  the  potassic  chromate  and  titrate  with  the  silver  solution. 

2.  Boil  10  c.c.  of  the  urine  with  5  c.c.  of  potassic  permanganate 
solution  (3-16  grams  per  litre),  filter,  and  titrate  as  before.  The  pre- 
cipitate consists  of  organic  matter  and  manganous  salt,  and  enough 
permanganate  should  be  used  to  give  a  slight  rose  tint  to  the  filtrate  : 
this  is  removed  befoie  titi-ation  by  the  addition  of  a  few  drops  of  solu- 
tion of  oxalic  acid. 

III.  Folhard's  Method  as  Modified  hy  Salkowski. — This  is  the 
most  accurate  process  for  the  quantitative  estimation  of  chlorides  in 
urine. 

Principle. — If  a  little  nitrate  of  silver  solution  is  acidified  with 
nitric  acid,  and  some  rhodium  ammonio-chloride  added,  a  white 
flocculent  precipitate  is  thrown  down ;  while  if  an  iron  salt,  such  as 
iron  ammonia  alum,  is  also  present,  a  red  colour  will  appear  imme- 
diately the  whole  of  the  silver  has  been  precipitated.  Now,  if  the 
rhodium  solution  is  of  known  strength,  the  amount  of  silver  present 
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can  be  readily  calculated.  Accordingly,  if  this  method  is  employed 
in  the  estimation  of  chlorides,  an  excess  of  a  titrated  silver  solution 
is  added,  and  the  amount  of  this  excess  determined  by  the  rhodium 
solution. 

Preparation  of  Solutions.  1 .  Silver  Solution. — Dissolve  in  dis- 
tilled water  pure  fused  nitrate  of  silver  29*075  grams  and  make  up  to 
a  litre.     1  c.c.  =  0-01  gram  NaCl, 

2.  Iron  Solution. — Make  a  cold  saturated  solution  of  iron  am- 
monia alum.  This  salt  should  be  free  from  chlorides;  iP  not,  purify 
it  by  crystallisation. 

3.  RJhocUum  Solution. — The  strength  of  the  solution  shonld  be 
such  that  25  c.c,  =  10  c.c.  silver  solution.  Make  a  watery  solution 
of  commercial  rhodium  ammonio-chloride,  about  6*5  to  7  grams  in 
1,100  c.c.  water. 

Dilute  10  c.c.  of  the  silver  solution  to  100  c.c.  with  distilled  water, 
add  4  c.c.  pure  nitric  acid 'and  5  c.c.  of  the  iron  solution.  Then 
titrate  this  mixture  with  the  rhodiuai  solution  till  a  faint  permanent 
red  coloration  is  produced.  If,  say,  only  23*8  c.c.  instead  of  25  have 
been  required  we  must  dilute  accordingly  :  23-8  .*  25  =  1000  :  x. 
X  =  1050"4.     Therefore  50"4  c.c.  water  must  be  added  to  the  litre. 

Process. — 10  c.c.  urine  are  placed  in  a  small  glass-stoppered  flask, 
graduated  so  as  to  contain  100  c.c.  up  to  a  mark  in  the  neck.  Add 
50  c.c.  water  and  then  4  c.c.  pure  nitric  acid  (1*2  sp.  gr.)  Now 
pour  in  15  c.c.  silver  solution  and  shake  vigorously  until  the  precipi- 
tate settles.  Next  make  up  to  the  mark  with  distilled  water  and 
filter  the  contents  of  the  flask  into  a  dry  test  glass  or  a  small  flask 
which  has'a  mark  on  its  neck  indicating  80  c.c.  capacity.  The  80  c.c. 
of  filtrate  are  to  be  poured  into  a  beaker  of  about  250  c.c.  capacity, 
5  c.c.  iron  solution  added,  and  the  mixture  titrated  with  the  rhodium 
solution  until  the  first  trace  of  a  permanent  blood  i^ed  coloration 
appears. 

Let  us  suppose  that  6*8  c.c.  rhodium  solution  have  been  required 
for  80  c.c.  of  the  filtrate,  therefore  85  c.c.  for  100  (80  :  100 
=  6'8  :  8'5).  Now  the  15  c.c.  silver  solution  added  to  the  urine  are 
equivalent  to  37*5  rhodium  solution  (10  :  15  =  25  :  37-5);  but  only 
8*5  have  been  required;  therefore  37*5  — 8*5  =  29  c.c.  correspond  to 
the  silver  solution  that  has  combined  with  the  chloride,  and  29  c.c. 
are  equivalent  to  11*6  silver  solution  (25  :  10  =  29  :  11 -6).  1  c.c. 
silver  solution  =  O'Ol  NaCl ;  therefore  11-6  =  0-116  NaCl.  As 
only  10  c.c.  urine  were  employed,  this  would  give  a  i>ercentage  of 
M6  NaCl. 

The  percentage  is  readily  obtained   by  the   following   formula, 
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which   will   easily  be   comprehended    from    tlie   preceding    calcula- 
tion : — 

{37'5  —  (rhodium  solution  required  in  c.c.  x  4^)}  X^^-q' 

IV.  C.  Arnold,  so  as  to  obviate  any  difficulty  in  noting  the  end 
of  the  reaction  by  means  of  the  red  coloration  of  the  iron,  first  treats 
the  urine  with  an  equal  volume  of  baryta  mixture  (see  under  I.), 
and  adds  to  10  c.c.  of  the  filtrate,  or  even  to  10  c.c.  of  the  urine 
direct,  as  many  drops  of  nitric  acid  as  are  necessary  to  give  a  strong 
acid  reaction,  then  2  c.c.  of  the  iron  solution  and  3  or  4  drops  of  per- 
manganate of  potash  solution  (1  :  30).  The  silver  solution  is  next 
added  in  excess,  the  whole  made  up  to  100  c.c,  thrown  on  a  dry 
filter,  and  50  c.c.  of  the  filtrate  titrated  with  the  rhodium  solution  as 
in  III.  to  determine  the  excess  of  silver. 


CHAPTER   XVI. 

THE  SULPHATES. 

STTLPHURIC  ACID  (H^SO^^:  98)  exists  in  the  urine  com- 
bined with  organic  and  inorganic  bases,  but  chiefly  in  the  form 
of  sulphates  of  potash  and  soda.  The  sulphates  are  present  in 
only  very  small  quantity  in  the  fluids  of  the  body  with  the 
exception  of  the  urine.  But  the  urine  also  contains  sulphur 
in  a  state  of  incomplete  oxidation,  and  this  in  the  urine  of 
patients  suffering  from  certain  diseases  of  the  liver  may  form 
as  much  as  40  per  cent,  of  the  total  sulphur  present.  This 
sulphur,  oxidised  with  difficulty,  is  generally  regarded  as 
arising  from  biliary  compounds  in  the  urine,  particularly  de- 
rivatives of  taurin,  the  amount  varying  under  different  circum- 
stances, being  generally  large  in  constipation.  To  obtain  this 
sulphur  it  is  not  sufficient  to  treat  the  urine  with  zinc  and 
sulphuric  acid  and  estimate  the  hydric  sulphide  evolved  ;  only 
by  the  use  of  such  powerful  oxidising  reagents  as  nitric  acid 
and  potassic  chlorate  can  the  total  amount  be  obtained 
(Lepine). 

The  Origin  of  the  Sulphuric  Acid. — It  arises  chiefly  in  the 
decomposition  of  albumin  in  the  system,  as  the  sulphates  taken 
in  the  food  are  very  slight  in  amount.     It  is  difficult  to  say. 
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however,  how  much  is  derived  from  tissue  albumin  and  how 
much  directly  from  food  albumin.  When  the  albumin  of  the 
food  falls  in  amount,  so  also  does  the  sulphuric  acid  of  the 
urine ;  in  high  fevers  with  much  decomposition  of  organic 
albumin  the  sulphuric  acid  is  likewise  increased  proportionally. 
The  excretion  of  this  acid  would  therefore  appear  to  maintain 
a  close  relationship  to  the  excretion  of  urea ;  but  it  must  l^e 
remembered  that  while  the  nitrogen  of  albumin  is  more  or  less 
a  constant  quantity  (16  to  17  per  cent.)  the  sulphur  varies 
considerably  (1*25  to  1*6  per  cent.);  also  a  part  of  the  sulphur 
is  excreted  by  the  intestine,  while  the  whole  of  the  nitrogen  of 
the  decomposed  albumin  passes  away  by  the  urine.  P'urther, 
the  whole  of  the  sulphur  is  not  in  the  form  of  sulphates  in  the 
urine ;  only  85  per  cent,  may  be  reckoned  as  such. 

Amount. — Adult  men  excrete  a  mean  of  2  to  2'5  grams 
sulphuric  acid,  of  which  the  potash  salt  forms  about  4*3  grams 
and  the  soda  salt  3*55  grams,  or  0*032  gram  of  sulphuric  acid 
per  kilo,  in  the  24  hours  :  for  women  the  mean  is  about  1*96 
gram.  The  quantity,  however,  varies  even  in  the  same  indi- 
vidual from  day  to  day,  occasionally  as  much  as  45  per  cent, 
above  or  below  the  average  mean . 

The  elimination  is  increased  when  the  minerals  of  the  food 
are  augmented  ;  an  increase  generally  shows  itself  some  hours 
after  a  meal,  especially  of  animal  food  ;  also  after  prolonged 
exercise  (Engelmann,  denied  by  Voit),  and  after  ingestion  of 
soluble  sulphates,  sulphuric  acid,  or  bodies  containing  sulphur, 
and  also  temporarily  after  copious  draughts  of  water.  It  is 
diminished  by  vegetable  diet,  and  less  is  excreted  during  the 
night  and  during  pregnancy. 

A  -pathological  increase  occurs  after  the  ingestion  of  sulphur 
combinations,  phenol,  thymol,  salicin,  and  liquor  potassa? ;  also 
in  delirium  tremens  and  in  other  deliriums  (Bence  Jones),  in 
acute  inflammatory  diseases  of  the  nervous  structures,  and  in 
acute  inflammations  generally,  as  pneumonia  and  acute  rheu- 
matism ;  in  some  cases  of  diabetes  insipidus,  and  occasionally 
in  some  forms  of  skin  disease.  The  sulphates  are  slightly  in- 
creased in  fevers,  but  diminished  considerably  during  conva- 
lescence (Zulzer),  though  according  to  some  authorities  they 
are  diminished  in  all  acute  and  many  chronic  febrile  attacks  ; 
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indeed,  it  may  be  said  that  the  sulphates  are  din/miished  to 
some  degree  in 'acute  and  chronic  affections,  probably  on 
account  of  the  lessened  amount  of  food  then  absorbed.  Like- 
wise diminished  in  leukaemia,  diabetes  mellitus,  eczema ;  also  in 
inflammatory  affections  with  much  exudation,  in  chlorosis,  and 
often  in  diseases  of  the  nervous  system. 

Tests. — 1.  Add  some  drops  of  hydrochloric  acid  to  the  urine, 
and  then  baric  chloride :  a  white  precipitate  of  baric  sulphate, 
insoluble  in  acids. 

2.  By  acidifying  the  urine  strongly  with  acetic  acid,  add- 
ing baric  chloride,  and  then  boiling,  the  preformed  inorganic 
sulphates  are  thrown  down  ;  but  the  filtrate,  when  strongly 
acidified  with  hydrochloric  acid  and  boiled,  gives  a  further  pre- 
cipitate of  sulphur,  due  to  the  organic  sulphates.  This  separa- 
tion may  be  better  effected  thus :  Mix  equal  volumes  of  urine 
and  baryta  mixture  [cold  saturated  solution  of  hydrate  of  baryta 
(2)  and  nitrate  of  baryta  (1)]  ;  filter,  and  having  acidulated  the 
filtrate  with  hydrochloric  acid,  boil,  and  the  second  precipitate 
is  thrown  down. 

To  avoid  the  difficulties  encountered  in  the  filtration  of 
barium  sulphate,  silver  nitrate  should  be  added  immediately 
after  the  precipitation  of  the  sulphuric  acid  by  the  barium 
chloride  ;  a  flocculent  precipitate  is  thereby  obtained,  which  can 
readily  be  filtered.  Kemoval  of  the  silver  chloride  is  effected 
afterwards  by  ammonia  without  any  loss  of  the  sulphate. 

3.  Sulphuric  acid  gives  a  precipitate  with  chloride  of  lime 
in  moderately  concentrated  solutions,  the  resulting  sulphate, 
however,  being  soluble  in  a  large  volume  of  water ;  also  a 
white  precipitate  with  lead  acetate,  soluble  with  difficulty  in 
water  and  dilute  acids. 

duantitative  Estimation.  I.  Gravimetric  (a)  Of  the  Total 
Sulphuric  Acid. — Mix  100  c.c.  clear  filtered  mine  with  5  e,c.  hydro- 
chloric acid  (sp.  gi\  1*12),  boil,  and  then  add  baric  chloride  to 
complete  precipitation ;  continue  to  boil  for  some  time  until  the 
supernatant  liquid  is  clear,  and  throw  it  upon,  a  small  filter  of 
Swedish  paper  that  has  been  washed  with  dilute  hydrochloric  acid, 
collecting  all  the  precipitate  upon  the  filter  with  the  help  of  a  glass 
rod  tipped  with  gum  elastic.  A  little  of  the  filtrate  should  early  be 
tested  with  a  drop  of   sulphuric  acid,  to  ascertain  the  presence  of 
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excess  of  barium  chloride.  If  this  is  the  case  wash  the  precipitate 
thoroughly  with  hot  water,  then  with  hot  spirit,  and  afterwards  with 
ether.  Now  dry  the  filter  and  its  contents,  and  transfer  them  to 
a  platinum  capsule,  where  they  are  to  be  covered,  heated  to  redness 
till  quite  white,  allowed  to  cool,  and  then  weighed.  A  slight  loss 
occurs. 

(6)  Estimation  of  the  Sulphuric  Acid  Combined  with  Aromatic 
Organic  Bases. — lOOc.c.  urine  and  100  c.c.  baryta  mixture  (see  under 
Urea)  are  mixed  in  a  dry  beaker,  well  shaken,  and  then  thrown  on  a 
dry  filter.  Acidify  100  c.c.  of  the  clear  filtrate  (  =  50  c.c.  urine) 
strongly  with  hydrochloric  acid,  and  boil  for  some  time  over  a  water 
bath  until  the  precipitate  is  well  settled  down.  Then  proceed  as 
above. 

(7a/ci^^a^io7i.— 233BaSO4=98H.^SO4=80SO3=32S.    If  we  reckon 

as  H2SO4,  multiply  the  weight  of  BaS04  by  ^^=0'4206 ;    if  as  SO3, 

then  multiply  by  -^^=0-3433;  and  if  as  S,  by  _^„=0-1373. 
^•^    -^  233  -^  233 

Example. — 100  c.c.  mine  gave  0*490  BaS04,  then  the  H2SO4 
=0-490  xO-4206=0-206  per  cent.,  and  the  S=0-490x0'1373 
=0-0672  per  cent. 

II.  Volumetric,  (a)  Standard  Baric  Chloride. — Some  crystallised 
baric  chloride  is  powdered,  dried  between  folds  of  blotting-paper,  and 
30 '5  grams  taken  and  dissolved  in  distilled  water,  the  solution  being 
made  up  to  a  litre,  1  c.c. =0-01  gram  SO3. 

[b)  A  dilute  solution  of  sodic  sulphate  is  also  prepared. 

Process. — Measure  100  c.c.  urine  into  a  beaker,  acidify  with  a 
little  hydrochloric  acid,  and  boil  in  a  sand  bath ;  let  the  baric 
chloride  solution  next  flow  gradually  in  so  long  as  the  precipitate 
distinctly  increases.  Then  lay  aside  to  allow  the  precipitate  to 
subside ;  let  a  drop  of  the  baric  chloride  now  flow  down  the  side  of 
the  beaker,  and  if  a  precipitate  occurs  continue  to  add  the  baric 
chloride  until  the  whole  of  the  sulphuric  acid  appears  to  be  thrown 
down,  and  let  it  settle  as  before.  Instead  of  waiting  until  the  pre- 
cipitate subsides,  a  little  of  the  fluid  may  be  filtered  into  a  watch 
glass  and  tested  with  the  baric  solution,  the  whole  being  returned 
again  to  the  beaker.  This  filtration  may  readily  be  effected  by  dipping 
into  the  beaker  a  wide  open  tube,  over  whose  lower  end  a  piece  of 
filter  paper  has  been  tied,  and  removing  it  after  a  short  interval. 
Care  must  be  taken  that  an  excess  of  baric  chloride  is  not  added. 
This  is  ascertained  by  testing  a  drop  of  the  filtrate  upon  n  piece  of 
glass  lying  over  a  daik  background  with  the  sodic  suli)hate ;  if  a  pre- 
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cipitate  is  obtained  then  too  much  baric  chloride  has  been  added,  and 
the  titration  must' be  repeated. 

Suppose  18  c.c.  have  been  added  to  obtain  complete  precipitation, 
then  0*18  gram  SO3  is  present  in  the  100  c.c.  urine. 


CHAPTER   XVir. 

THE  PHOSPHATES. 

The  phosphoric  acid  of  the  urine  is  in  part  (two-thirds)  in  com- 
bination with  alkalies,  and  in  part  (one-third)  with  the  alkaline 
earths,  lime  and  magnesia.  Of  these  there  are  the  acid  phos- 
phate of  soda,  NaH2P04  +  HgO,  to  which  Liebig-  ascribes  in 
great  part  the  acidity  of  the  urine ;  the  alkaline  phosphate, 
Na2HP04,  possibly  only  in  small  proportion,  for  although  this 
phosphate  is  generally  met  with  in  all  the  animal  fluids  it  is 
the  acid  salt  that  is  found  principally  in  the  urine.  A  potash 
phosphate  is  present  in  small  amount.  But  the  composition 
of  the  phosphates  in  the  urine  is  liable  to  considerable  varia- 
tion :  in  acid  urine  the  salts  NaH2P04  or  Ca(H2P04)2  are 
generally  present ;  when  the  urine  is  neutral,  in  addition  to  the 
above  acid  salts,  we  have  NaaHPO^,  CaHPO^,  MgHPO^  ; 
while  in  alkaline  urines  the  combinations  Na3P04,  Ca^^PO^).^, 
Mg3(P04)2  may  also  be  present. 

The  alkaline  phosphates  are  soluble  in  water,  and  are  not  pre- 
cipitated from  their  solutions  by  ammonia  or  the  alkalies,  so  that 
when  ammonia  is  added  to  healthy  urine  the  alkaline  phosphates  are 
not  thrown  down. 

The  earthy  phosphates  are  insoluble  in  water,  but  readily  soluble 
in  such  weak  acids  as  carbonic  and  acetic  ;  albuminous  bodies  and 
mucus  have  likewise  some  power  in  dissolving  these  phosphates. 
They  are  precipitated  from  their  solutions  by  ammonia. 

The  ordinary  phosphate  of  soda  is  soluble  in  water  and  alcohol ; 
its  aqueous  solution  has  an  alkaline  reaction  and  absorbs  carbonic 
anhydride  very  readily.  When  heated  it  melts,  loses  its  water  of 
crystallisation,  and  ultimately  changes  into  the  pyrophosphate.  The 
acid  phosphate,  on    the    other    hand,  is   changed  by  heat    into  the 
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metapliosphate,  and  is  easily  soluble  in  water,  but  insoluble  in  al- 
cohol. 

Uric  acid  has  the  power  of  decomposing  the  alkaline  phosphates, 
a  urate  and  an  acid  phosphate  being  formed. 

The    ammoniaco-maynesian    or    triple    phos2)hate    (NH4MgP0, 

4-6H2O)  is  met  with  in  the  urine  and  in  the  animal  fluids  when  these 

are  undergoing   alterations.      The   crystals 

§  r^  are  generally  well  marked,  being  most  iie- 

, ,        ^       IXI  quently   found  as    vortical,  rhomboidal,  or 

^^    UJ  triangular  prisms  with  obliquely  truncated 

11      f^^^^^       J^     ends;    but  if  deposited  rapidly  from  urine 
'vX^^^--"""^       fj  /      by  the  addition  of  ammonia,  this  phosphate 


^ 


\y  ^\J       may  assume  a   stellate   form,  the   crystals 

consisting    of  four   or   live   feathery   rays. 

Pia.  .-14.-0^7.™  OF  TniPLK     gometimcs  a  thin  pellicle  is  formed  on  the 

surface  of  urine,  consisting  of  organic  matter 

with  numerous  crystals  of  the  triple  phosphate. 

Phosphate  of  lime  is  usually  deposited  in  an  amorphous  condition, 
generally  in  minute  transparent  granules,  but  the  deposit  after  a  time 
may  assume  a  crystalline  form  and  appear  as  minute  spherules  or 
dumb-bells,  or  as  fine  needles  grouped  in  globular  masses.  These 
crystals  can  be  formed  artificially  by  dissolving  a  little  calcium  chloride 
in  a  drop  of  glycerin,  and  a  little  phosphate  of  soda  in  another  drop, 
and  allowing  the  two  drops  to  mix  slowly  under  a  cover  glass  :  crystals 
will  appear  in  a  few  days.  Also  by  adding  a  little  calcium  chloride 
to  normal  urine,  and  nearly  neutralising  it  with  caustic  soda,  crystals 
of  the  calcic  phosphate  may  be  obtained. 

The  urine  from  which  one  of  these  deposits  occurs  is  generally 
alkaline.  If  uric  acid,  urates,  and  oxalate  of  lime  are  associated 
with  the  triple  phosphate  in  a  urinary  sediment,  they  are  thus  dis- 
tinguished : — 

1.  Warm  the  urine:  the  urates  dissolve. 

2.  Add  acetic  acid  :  the  phosphates  dissolve. 

3.  Add  caustic  potash  :  uric  acid  dissolves. 

4.  Examine  the  deposit  microscopically  and  apply  the  murexid 
test. 

5.  Dissolve  in  acetic  acid  and  test  with  uranic  nitrate  for  phos- 
phoric acid,  and  with  oxalate  of  ammonia  in  excess  for  lime ;  filter 
and  add  ammonia  to  the  filtrate,  and  magnesia  is  precipitated  as  the 
phosphate. 

Origin  of  Phosphoric  Acid. — This  acid  is  generally  distri- 
buted in  the  tissues  of  the  body ;  it  is  also  contained  in  the 
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food,  and  it  is  probable  that  the  greater  part  of  the  phosphoric 
acid  eliminated*  comes  from  the  food  ingested,  partly  as 
phosphates  taken  as  such,  and  partly  from  phosphorus  and 
phosphates  previously  combined  with  the  proteids.  About  one- 
third  to  one-fourth,  if  not  more,  of  these  phosphates  contained 
in  the  food,  however,  is  excreted  by  the  intestine.  Another 
source  of  the  phosphates  is  the  decomposition  of  such  bodies  as 
nuclein  and  lecithin,  which  contain  phosphorus  ;  but  the  amount 
formed  in  nervous  tissue  is  comparatively  small. 

ZiJLZER  estimates  the  proportion  of  phosphoric  acid  to  every 
100  parts  by  w^eight  of  nitrogen  in  the  tissues  as  follows :  blood 
4,  muscle  15,  brain  and  nervous  system  45,  while  in  the  urine 
the  proportion  varies  from  18  to  20. 

Amount  of  Phosphoric  Acid  Excreted, — In  the  urine  from 
2' 5  to  3*5  grams  are  excreted  in  the  twenty-four  hours,  though 
it  may  rise  to  5-5  ;  the  mean,  however,  may  be  taken  as  2*8 
grams,  or  0*04  to  0*05  gram  per  kilo,  of  body  weight,  though 
it  is  given  by  Vogel  as  high  as  3*5  grams  for  well-fed  healthy 
adults,  or  0*064  gram  per  kilo.  It  forms  about  3*22  per  cent, 
of  the  urinary  solids.  Of  the  earthy  phosphates  the  mean  is 
1*1  gram,  the  calcic  salt  =  0*4  and  the  magnesic  =  0*6  gram. 

The  faeces  also  contain  a  variable  proportion  of  phosphoric 
acid — a  mean  of  0-666  gram  in  the  twenty-four  hours,  that  is, 
one-fourth  to  one-iifth  of  the  amount  excreted  in  the  urine 
(Haxthausen) — but  the  elimination  by  the  fasces  is  increased 
by  an  abundant  ingestion  of  carbonate  of  lime,  the  effect  only, 
however,  lasting  a  couple  of  days  or  so  (Eiessell). 

Variations. — Great  difference  of  opinion  exists  as  to  the 
effects  of  different  physiological  and  pathological  conditions  of  the 
body  upon  the  elimination  of  phosphoric  acid ;  it  is  very 
probable  that  the  amount  excreted  is  not  constant,  but  subject 
to  considerable  variation. 

(j)  The  food  has  an  important  influence,  the  phosphoric  acid 
increasing  for  some  hours  after  a  meal,  and  diminishing  during 
starvation  or  abstinence.  The  nature  of  the  food  has  also  an 
important  effect,  the  phosphoric  acid  being  more  abundant  after 
animal  than  vegetable  food.  A  man  upon  a  mixed  diet  elimi- 
nated in  the  urine  the  total  phosphates  contained  in  the  food 
(Be  ALE). 
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An  abundant  ingestion  of  calcic  carbonate  increases  the 
earthy  phosphates  ;  and  the  excretion  of  these  phosphates  may 
be  said  to  run  more  or  less  parallel  with  the  decomposition  of 
albumin,  an  animal  diet  greatly  increasing  their  amount  and 
abstinence  diminishing  them.  A  mixed  diet  gives  of  earthy 
phosphates  in  a  healthy  man  a  mean  of  0*944  to  1-012  gram 
(Neubauer),  or  1*2  gram  (Bencke)  in  the  twenty-four  hours. 
The  presence  of  much  soluble  phosphates  or  of  phosphorus- 
holding  bodies  in  the  diet  increases  the  elimination,  as  also 
much  consumption  of  fluids.  The  food  further  greatly  in- 
fluences the  proportion  of  the  phosphoric  acid  to  the  nitrogen 
in  the  urine  and  faeces ;  with  much  animal  diet  the  ]>roportion 
is  1  :  8*1,  while  with  bread  diet  it  is  1  :  3-3.  Indeed,  it  is 
very  probable  that  the  altered  diet  in  diseased  conditions 
accounts  largely  for  much  of  the  alteration  in  the  amount  of 
phosphates  excreted. 

(ij)  Active  exercise  increases  the  phosphates  (Hammond, 
Engelmann,  Pavy,  Mosler),  though  this  is  denied  (Petten- 

KOFER,    VOIT,    ByASSON). 

(iij)  Cerebral  activity  increases  it,  but  there  is  much 
difference  of  opinion  as  to  this.  While  Mosler,  Byasson,  &c., 
maintain  that  the  elimination  of  the  acid  in  the  urine  is  in- 
creased by  brain  work,  Hodges  Wood  asserts  that  the  total 
phosphoric  acid  remains  constant,  although  the  alkaline  phos- 
phate increases  and  the  earthy  phosphate  diminishes. 

(iv)  TiTYie  of  Day. — In  the  same  individual  the  amount  ex- 
creted exhibits  considerable  variation  during  the  day.  It 
increases  after  dinner,  attaining  its  maximum  in  the  evening, 
diminishes  slightly  during  the  night,  and  arrives  at  its  mini- 
mum in  the  morning  (Vogel).  Its  amount  seems  affected 
more  or  less  by  the  same  conditions  as  influence  the  amount  of 
urea. 

(v)  Sex  appears  to  exercise  little  or  no  effect,  but  the  amount 
is  greatly  diminished  in  pregnant  women. 

(vj)  Age. — Children  in  the  first  eight  days  after  birth 
excrete  about  0*014  to  0*032  per  cent,  phosphoric  acid  as  com- 
pared with  0*19  to  0*23  per  cent,  in  the  adult.  The  proportion 
also  is  much  less  in  growing  children  than  in  adults.  In  young 
infants  the  quantity  of  earthy  phosphates  is  very  small. 
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Reactions  and  Tests. — 1.  Baric  chloride  or  nitrate  gives  a 
white  precipitate^of  baric  phosphate,  which  is  soluble  in  hydro- 
chloric and  nitric  acids.  To  obtain  this  precipitate  the  acid 
phosphate  must  first  be  neutralised. 

2.  Add  a  little  amifnoninm  chloride  to  some  solution  of 
sulphate  of  viagnesia^  and  then  ammonia  in  excess  ;  no  pre- 
cipitation of  the  magnesia  occurs  in  presence  of  the  ammonium 
chloride.  Now  add  this  mixture  to  the  phosphate  solution, 
and  a  white  crystalline  precipitate  of  the  triple  phosphate  will 
be  formed,  soluble  in  acetic  acid.  If  the  solutions  are  very 
dilute  the  precipitate  takes  some  time  to  appear. 

3.  Nitrate  of  silver  gives  a  yellow  precipitate  of  the  phos- 
phate of  silver,  easily  soluble  in  nitric  acid  or  ammonia.  If 
a  chloride  is  present  this  salt  will  be  precipitated  first ;  the 
same  also  occurs  with  a  chromate,  so  that  if  silver  nitrate  is 
added  to  a  solution  containing  sodic  chloride,  potassic  chromate, 
and  a  phosphate,  the  chloride  is  precipitated  first,  then  the 
chromate,  and  lastly  the  phosphate. 

4.  Molyhdate  of  amm^onia  dissolved  in  nitric  acid  gives 
with  a  phosphate  a  yellow,  finely  pulverulent  precipitate,  whose 
formation  is  favoured  by  a  gentle  heat. 

5.  Acidify  the  urine  with  a  few  drops  of  acetic  acid,  and  add 
ferric  chloride :  a  thick  yellowish  white  precipitate  of  ferric 
phosphate,  which  is  easily  soluble  in  the  mineral  acids,  in  the 
perchloride  in  excess,  or  in  ammonia.  If  any  free  acid  is  present 
in  the  urine  add  acetate  of  soda  and  free  acetic  acid  before 
adding  the  ferric  chloride. 

6.  Acidify  as  before  and  add  some  uranic  nitrate,  preferably 
to  boiling  urine :  a  dirty  white  precipitate  of  uranic  phosphate 
is  formed,  that  is  easily  soluble  in  the  mineral  acids. 

7.  The  earthy  phosphates  m  urine  are  precipitated  by  the 
addition  of  a7nmonia,  stellate  crystals  being  formed  ;  filter  and 
test  the  filtrate  with  ferric  chloride  after  having  acidified  with 
acetic  acid :  a  whitish  yellow  precipitate  appears,  indicating  the 
presence  of  sodic  phosphate.  In  the  ammoniacal  precipitate 
phosphate  of  lime  and  the  triple  phosphate  are  present.  To 
separate  the  lime  from  the  magnesia  dissolve  the  precipitate  in 
acetic  acid,  and  add  ammonium  chloride  and  ammonium  oxalate, 
when  the  lime  will  be  thrown   down  ;  while    the    magnesia  is 
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separated  from  the  filtrate  in  the  form  of  triple  phosphate  by 
adding  to  it  ammonia. 

To  separate  all  the  phosphates  contained  in  urine  add  to 
the  latter  a  solution  containing  sulphate  of  magnesia  (1),  dis- 
tilled water  (8),  ammonium  chloride  (1),  and  ammonia  (44). 
They  are  deposited  as  the  triple  phosphate. 

ftuantitative  Estimation.  I.  VoluniGtrically  by  means  of  a 
Standard  Uranic  Solution. — If  to  a  solution  of  sodic  phosphate 
(Na2HP04)  acidified  with  acetic  acid  a  solution  of  nitrate  or  acetate 
of  uranium  is  added,  we  obtain  a  yellowish  white  precipitate,  the 
whole  of  the  phosphoric  acid  being  thrown  down  as  uranic  phosphate  : 

4(UrO.N03)  +  2Na2HP04  =  2(Ur203)P  A  +  4NaN03  +  H.O. 

This  precipitate  has  a  molecular  weight  of  368  (Ur=120,  H— 1, 
2(UrO)=272,  P04=95),  corresponding  to  71  PgO^  or  98  H3PO4. 

Any  excess  of  uranic  salt  is  easily  detected  by  testing  a  drop  of 
the  mixture  with  a  drop  of  potassic  ferrocyanide  on  a  white  porcelain 
plate,  which  gives  a  reddish  brown  precipitate  with  any  uranic  salt 
not  combined  with  phosphoric  acid.  This  body  is  therefore  used  as 
the  indicator  of  the  terminal  reaction. 

To  effect  the  analysis  a  solution  of  known  strength  of  the  uranic 
salt  is  made,  which  for  accuracy  is  titrated  with  a  standard  solution 
of  sodic  phosphate  ;  and  to  ensure  the  free  acid  of  the  urine  being 
acetic,  in  which  the  precipitate  is  insoluble,  this  fluid  is  first  treated 
with  a  solution  of  acetate  of  soda  containing  free  acetic  acid.  But  in 
presence  of  sodic  acetate  it  should  be  noted  that  the  reaction  of  tlie 
ferrocyanide  with  excess  of  uranic  salt  is  not  so  sharp  as  with  the 
pure  salt,  the  production  of  the  chocolate  colour  also  being  retarded. 

Preparation  of  the  Solutions. — (a)  The  ferrocyanide  solution  con- 
sists of  1  of  the  salt  in  20  of  water  freshly  dissolved. 

(6)  The  Acetate  of  Soda  Solution. — Dissolve  crystallised  sodic 
acetate  100  grams  in  water,  add  strong  acetic  acid  100  c.c,  and  make 
up  to  1,003  c.c.  with  water. 

(c)  The  Sodic  Phosphate  Solution. — Eoughly  powder  some  pure 
crystals  of  the  phosphate  (Na2HP04  +  I2H2O),  and  dry  them  between 
sheets  of  filter  paper.  Now  weigh  10'085  grams  and  dissolve  in 
1  litre  water.     This  solution  will  contain  0*2  P2O5  in  100  c.c. 

{d)  The  Ih'anic  Solution. — This  is  best  prepared  so  that  20  c.c. 
correspond  to  50  c.c.  of  the  sodic  phosphate  solution,  and  therefore  to 
O'l  gram  P2O5.  Accordingly  the  litre  should  contain  20*3  grams  pure 
uranic  oxide. 
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Dissolve  33  grams  yellow  uranic  oxide  in  nitric  acid  (sp.  gr.  1'2), 
or  in  dilute  acetic  a6id,  and  dilute  up  to  1,100  c.c.  (An  approxima- 
tive solution  may  also  be  obtained  by  dissolving  40  grams  of  the 
uranic  acetate  or  nitrate  in  a  litre  of  water  to  which  25  c.c.  pure 
glacial  acetic  acid  have  been  added.) 

Fill  a  burette  with  this  solution ;  measure  50  c.c.  of  the  standard 
phosphate  into  a  small  beaker,  and  add  to  it  5  c.c.  sodic  acetate  solu- 
tion ;  some  drops  of  the  ferrocyanide  are  next  to  be  placed  upon  a 
white  porcelain  plate. 

Now  boil  the  phosphate  solution  in  the  small  beaker,  and  allow 
about  18  c.c.  uranic  solution  to  flow  into  it ;  boil  again,  and  having 
stirred  well,  bring  a  drop  of  the  mixture  in  contact  with  one  of  the 
drops  of  ferrocyanide  (or  bring  a  drop  of  the  ferrocyanide  into  the 
centre  of  a  drop  of  the  mixture  placed  on  the  porcelain  plate) :  if  a 
faint  brown  colour  appears  in  a  few  seconds  then  an  excess  of  the 
uianic  salt  has  been  added,  but  if  no  brown  colour  shows  itself  then 
more  of  the  uranic  solution  is  to  be  dropped  in  ;  this  addition  must 
be  made  very  gradually,  and  the  mixture  tested  with  the  ferrocyanide 
after  each  addition.  As  soon  as  ever  the  reddish  brown  colour  ap- 
pears boil  the  whole  mixture  again  with  frequent  stirring,  and  repeat 
the  ferrocyanide  test.  A  second,  and  even  a  third,  experiment 
should  be  made  with  the  first  as  a  guide,  and  great  care  taken  with 
the  final  addition  of  the  uranic  solution,  so  as  to  have  the  least  possible 
excess. 

Suppose  instead  of  20  c.c.  only  19*2  c  c.  were  required,  then  the 

20 
solution  must  be  diluted  in  this  proportion  :  -——  =  1-04166  litre,  or 

1  y '  u 

to  1,000  c.c.  of  the  uranic  solution  41 '66  c.c.  water  added.     It  is 

better,  however,  to  add  less  water  than  this  at  first,  and  to  titrate 

again.     20  c.c.  of  the  solution  thus  prepared  =  0*1  P2O5. 

Titroiion  of  the  Urine.  (A  Mohr's  burette,  a  piece  of  white 
porcelain,  and  two  pipettes,  one  for  delivering  50  c.c.  and  the  other 
5  c.c,  are  required.)  (j)  To  Obtain  the  Total  Phosphoric  Acid. — Heat 
to  boiling  50  c.c.  of  the  filtered  urine  to  which  5  c.c.  of  the  sodic 
acetate  solution  have  been  added  ;  then  titrate  with  the  uranic  solu- 
tion as  above,  boiling  and  stirring  well  after  each  addition  and  testing 
a  drop  from  time  to  time  with  the  ferrocyanide ;  continue  to  add  the 
uranic  solution  so  long  as  a  precipitate  is  seen  to  occur,  and  till  the 
brownish  yellow  colour  is  obtained  aii  above  with  the  ferrocj^anide. 
Two  determinations  must  be  made. 

If  22*5  c.c.  uranic  solution  were  required  for  the  appearance  of 
the  terminal  reaction,  then  (20  :  22*5  =  0*1  :  01 125)  50  c.c.  urine 
contain  01 125  gram  P2O5,  or  225  grams  in  the  litre. 

K  K 


408  EXCRETA:    THE  F.ECES  AND    URINE. 

It  may  be  interesting  and  advantageous  to  know  the  amount  of 
the  phosphoric  acid  combined  with  lime  and  magnesia ;  this  is  done 
as  follows : — 

(ij)  To  Estimate  the  Phosjyhoric  Acid  Combined  with  the  Alkaline 
Earths. — Take  200  c  c,  filtered  urine,  render  it  freely  alkaline  with 
ammonia,  and  lay  aside  for  1 2  hours.  Collect  the  precipitated  earthy 
phosphates  on  a  filter,  where  they  are  to  be  washed  with  ammoniacal 
water  (1  to  3) ;  and  after  having  made  a  hole  in  the  filter  wash  the 
precipitate  through  with  water  containing  a  few  drops  of  acetic  acid 
into  a  small  beaker,  in  which  they  are  to  be  dissolved  in  as  little  acetic 
acid  as  possible  with  the  aid  of  heat.  Now  add  5  c.c.  of  the  sodic 
acetate  solution,  bring  the  volume  up  to  50  c.c,  and  titrate  as  before. 

If,  for  example,  10  5  c.c.  of  uranic  solution  have  been  required, 
then,  as  10  c.c.  of  this  solution  =  O'OS  P.j^sj  1^'^  ^-c-  =  0'0525  gi-am 
P2O5  in  every  200  c.c.  of  the  urine,  or  0262.5  P2O5  in  the  litre. 

(iij)  To  Obtain  the  Phosphoric  Acid  Combined  with  the  Alkalies. — 
Subtract  the  phosphoric  acid  of  the  earthy  phosphates  from  the  total 
phosphoric  acid  obtained,  and  the  difference  will  be  equal  to  the  acid 
combined  with  alkalies. 
Thus- 
Total  phosphoric  acid 2-25 

Phosphoric  acid  combined  with  the  alkaline  earths  .     0*2625 

„  „  „      alkalies      .         .     1-9875 

II.  Quantitatively  by  Precipitation  with  Molybdate  of  Ammonia. 
— Teissier  has  employed  a  solution  of  molybdate  of  ammonia,  made 
by  dissolving  100  grams  in  100  c.c.  ammonia  and  adding  the  solu- 
tion slowly  to  1,000  c.c.  nitric  acid. 

5  c.c.  urine  are  evaporated  and  the  residue  dissolved  in  5  c.c.  pure 
nitric  acid ;  to  this  5  c.c.  water  are  added  and  the  solution  filtered. 
Pour  this  into  5  c.c.  of  the  molybdate  solution  contained  in  a  capsule. 
The  precipitate,  having  been  allowed  to  settle,  is  collected,  washed, 
dried,  and  weighed.  The  weight  x  1-63  gives  the  phosphorus  in 
1  litre,  or  X  3*735  gives  the  phosphoric  acid. 

The  process  is  difiicult  but  exact. 

III.  Teissier  has  also  proposed  the  following  method  for  the 
approximative  determination  oj  the  phosphoric  acid  by  the  volume  of 
the  triple  j^hosphate  precipitate  obtained.  It  gives  very  fair  results 
and  is  easy  of  application  : — 

If  the  urine  is  not  acid  add  a  few  drops  of  nitric  acid,  in  order  to 
dissolve  up  any  precipitated  phosphates.  Into  a  graduated  cylinder 
pour  50  c.c.  of  the  urine,  and  saturate  it  with  a  solution  containing 
sulphate  of  magnesia  (1),  ammonium  chloride  (1),  ammonia  (1),  and 
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distilled  water  (4).  Shake  well  snd  lay  aside  for  24  hours.  All  the 
phosphoric  acid  is  jirecipitated  as  triple  phosphate.  The  precipitate 
settles,  and  its  height  is  to  l)e  read  off  in  the  graduated  cylinder. 
1  c.c.  of  the  precipitate  corresponds  pretty  closely  to  0*30  gram  phos- 
phoric acid  per  litre,  representing  about  0"60  to  0*70  gram  of  phos- 
phate. Knowing  the  quantity  of  urine  passed  in  the  24  hours,  we 
can  thus  readily  obtain  the  daily  total  excretion  of  phosphoric  acid. 

IV.  Estimation  of  Lime  and  Magnesia  Phosphates. — Precipitate 
100  c.c.  urine  with  ammonia,  dissolve  the  precipitate  in  acetic  acid, 
and  add  suflScient  oxalate  of  ammonia  to  throw  down  all  the  lime ; 
let  the  precipitate  settle,  then  decant  and  collect  it  on  a  iSlter,  where 
it  is  to  be  washed  with  hot  water.  The  filtrate  and  washings  are  to 
be  laid  aside  and  subsequently  tested  for  magnesia.  The  precipitate 
is  to  be  well  washed  with  water,  acidified  with  sulphuric  acid,  diluted 
freely,  and  titrated  with  a  decinormal  solution  of  potassic  perman- 
ganate (3'16  grams  to  the  litre),  the  latter  being  added  from  a  burette  ' 
until  it  ceases  to  lose  its  colour.  Each  c.c.  of  the  permanganate 
represents  0-0028  gram  CaO. 

To  the  filtrate  and  washings  ammonia  is  added,  and  then  sodic 
phosphate;  lay  aside  for  10  hours  or  so  in  a  moderately  warm  place  ; 
the  precipitated  ammonio-magnesian  phosphate  is  collected  on  a  small 
filter,  washed  in  ammoniacal  water,  then  dissolved  in  acetic  acid, 
and  titrated  with  uranic  solution  as  in  I.  Each  c.c.  of  this  solvition 
represents  0'0028  gram  magnesia. 

Pathological  Alterations. — The  phosphates  excreted  are  dimi- 
nished slightly  in  acute  diseases,  the  result  most  probably  of  deficiency 
in  the  diet ;  but  in  most  fevers,  nevertheless,  there  is  an  increased 
proportion  of  phosphates.  As  a  general  rule  the  alkaline  phosphates 
increase  and  diminish  at  the  same  time  as  the  sulphates,  and  accord- 
ingly seem  to  have  their  oiigin  in  the  retrograde  metamorphosis  of 
the  proteids.  The  diminution  in  the  alkaline  phosphates  coincides 
w^ith  the  acute  periods  of  febrile  affections ;  while  they  reappear  more 
abundantly  when  the  disease  returns  to  its  natural  course  and  tends 
towards  a  cure.  In  pneumonia,  for  example,  when  the  fever  dimi- 
nishes the  alkaline  phosphates  increase,  and  thus  indicate  the  beginning 
of  convalescence. 

An  increase  in  the  total  phosjyhates  is  observed  in  acute  inflamma- 
tory diseases  of  the  nerve  structures,  temporarily  in  acute  febrile 
diseases,  though  diminished  in  the  course  of  the  disease  (Vogel, 
Teissier),  occasionally  in  paroxysms  of  acute  mania,  and  in  brain 
tumours ;  increased  also  in  the  acme  of  chorea,  in  acute  atrophy  of 
the  liver  (Bouchard),  in  diabetes  (Lecorche),  in  the  early  stages  of 
phthisis,  and  in  chronic  rheumatism,  leukaemia,  and  osteomalacia. 

K  K  2 


500  EXCRETA:    THE  E.ECES  AND    URINE. 

A  decrease  may  be  noticed  in  the  stage  of  exhaustion  in  mania,  in 
acute  dementia  (Sutherland  and  Beale),  and  generally  also  in 
chronic  affections  of  the  brain  (Mendel).  During  paroxysms  of 
acute  mania,  and  also  in  epilepsy,  general  paralysis,  melancholia,  and 
dementia,  the  quantity  of  the  urine,  and  the  amount  of  the  sodic 
chloride,  urea,  and  phosphoric  and  sulphuric  acids  have  been  noticed 
to  be  less  than  during  convalescence  (Adamson)  ;  while  in  chronic 
melancholia  the  chlorides,  urea,  and  phosphoric  and  sulphuric  acids 
are  much  reduced.  A  diminution  in  the  discharge  of  phosphates  is 
also  often  to  be  seen  in  certain  forms  of  Bright's  disease  and  cardiac 
affections ;  in  diseases  of  the  digestive  organs  hindering  absorption 
(Brattler)  ;  in  chlorosis  and  during  the  pyrexia  of  intermittent 
fever;  and  in  rickets,  gout,  arthritis,  and  chronic  rheumatism. 

So  far  as  drugs  are  concerned  its  amount  is  increased  by  lactic 
acid  and  carbonate  of  soda,  but  diminished  by  morphia,  chloral, 
chloroform  (though  occasionally  increased  by  this  body),  ether,  and 
alcohol. 

The  earthy  'pliospliates  do  not  appear  to  be  much  affected  by 
different  diseases,  although  they  are  often  increased  in  the  urine  of 
rheumatic  patients;  but  if  pericarditis  sets  in  then  the  phosphates  are 
immediately  diminished  (Heller),  but  reappear  in  excess  when  this 
complication  tends  to  disappear ;  also  increased  in  osteomalacia, 
rickets,  periostitis,  and  acute  cerebral  inflammations. 

As  a  general  rule  they  are  diminished  in  typhus,  chronic  renal 
affections,  organic  diseases  of  the  heart,  in  cerl^ain  neuroses  and  spinal 
affections,  and  in  some  disturbed  conditions  of  the  alimentary  canal. 

Urinary  sediments  of  the  earthy  phosphates,  particularly  of  lime, 
are  observed  in  rickets,  osteomalacia,  osseous  caries,  meningitis,  and 
many  other  neuroses ;  at  the  same  time  there  is  generally  also  a 
diminution  in  the  acidity.  These  deposits  are  frequent  in  cases  of 
dyspepsia  and  over-work,  but  they  are  not  necessarily  indicative  of 
increased  nerve  waste. 

In  chronic  affections  of  the  bladder  the  result  of  calculi,  para- 
plegia, &c.,  deposits  of  crystals  of  the  triple  phosphate  are  frequent, 
the  ammonia  acting  on  the  magnesic  phosphate  frequent  in  the  mine, 
and  the  triple  phosphate  separating  on  account  of  its  insolubility  in 
an  alkaline  liquid. 

The  earthy  phosphates  are  held  in  solution  in  normal  urine,  owing 
to  its  normal  acidity  and  to  its  chlorides  and  carbonic  acid.  They 
are  precipitated  when  the  carbonic  acid  escapes  on  boiling,  or  on 
exposure  to  the  air,  or  when  an  ammoniacal  fermentation  is  set 
up  and  ammonic  carbonate  formed. 

A  deposit  does  not  necessarily  indicate  an  excess.     The  deposit 
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that  often  occurs  when  nrine  is  heated  may  be  cUie  to  earthy 
phosphates  and  not  to  albumin.  The  sediment  that  so  frequently 
forms  in  alkaline  urine  and  in  certain  chronic  diseases  generally 
contains  67  per  cent,  magnesia  and  33  per  cent,  calcic  phosphate 
(Neubauer). 

Teissier  has  described,  under  the  name  of  'phosj)hatiG  diabetes,  a 
morbid  condition  in  which  there  is  polyuria  accompanied  by  increased 
elimination  of  phosphates — as  much  even  as  12  to  20  grams  in  the 
24  houi-s. 


CHAPTEK  XVIir. 
THE  SALTS  OF  THE  ALKALIES. 

To  detect  the  soda  and  potash  in  the  dry  residue  of  urine 
tbe  ordinary  method  can  be  adopted  of  placing  a  little  of  this 
on  a  platinum  wire  in  a  Bunsen's  flame ;  the  soda  imparts  a 
brilliant  yellow  colour,  and  if  the  flame  is  examined  through  a 
piece  of  cobalt  glass  it  will  be  seen  to  be  violet-tinted. 

To  estimate  the  soda  and  potash  mix  50  c.c,  urine  with  an 
equal  volume  of  baryta  mixture,  and  after  it  has  stood  some 
time  filter.  Evaporate  80  c.c.  of  the  filtrate  (  =  40  c.c.  urine) 
to  dryness  in  a  platinum  or  porcelain  dish,  ignite,  dissolve  the 
cold  residue  in  a  little  hot  water,  add  ammonic  carbonate  to 
complete  precipitation,  filter,  and  wash  the  precipitate  ;  the 
filtrate  acidified  with  hydrochloric  acid  is  then  evaporated  to 
dryness,  and  the  residue  gently  heated  to  expel  ammoniacal 
salts.  This  last  residue  is  then  treated  with  a  few  drops  of 
ammonia  and  ammonium  carbonate,  its  solution  filtered,  the 
filter  washed,  and  the  filtrate  and  washings  evaporated  to  dry- 
ness in  a  platinum  capsule  of  known  weight ;  the  whole  to  be 
again  weighed  after  having  been  ignited  and  allowed  to  cool. 
This  gives  the  total  sodic  and  potassic  chlorides. 

The  quantity  of  combined  ammonia  excreted  in  the  24 
hours  averages  0-724  gram.  It  is  increased  by  the  use  of 
asparagus,  and  pathologically  we  meet  with  an  increase  in 
gout  and  diabetes;  a  considerable  diminution  in  acute  rheu- 
matism, albuminuria,  and  phthisis ;  and  a  still  greater  dimi- 
nution in  erysipelas,  small-pox,  and  typhus. 
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Estimation  of  Ammonia. — 1.  To  a  measured  quantity  of 
urine  add  some  milk  of  lime  and  place  under  an  air-tight  bell 
jar  in  which  there  is  also  present  a  measured  amount  of  acid 
of  known  strength.  After  24  to  36  hours  the  acid  is  to  be 
titrated  with  the  standard  alkali  (see  under  Acidity  of  Urine) 
to  ascertain  the  loss  of  acidity  corresponding  to  the  ammonia 
absorbed  (Schlosing). 

2.  The  following  method  is  applicable  where  the  urine  has 
not  undergone  decomposition  :  Exactly  neutralise  100  c.c.  urine 
with  normal  alkali  until  a  piece  of  violet  litmus  paper  streaked 
with  a  fine  glass  rod  that  has  been  immersed  in  the  fluid  shows 
no  change  of  colour.  Then  transfer  the  whole  to  a  large  flask, 
and  after  the  addition  of  10  c.c.  normal  alkali  boil  until  no 
more  ammonia  can  be  detected  in  the  escaping  vapours.  When 
the  flask  has  slightly  cooled  its  contents  are  transferred  to  a 
tall  beaker,  and  there  titrated  with  normal  nitric  acid  until 
violet-coloured  litmus  is  not  stained  when  streaked  as  above 
with  a  little  of  the  solution.  The  number  of  c.c.  of  normal 
acid  are  deducted  from  the  10  c.c.  of  alkali,  and  the  rest 
estimated  as  ammonia.  1  c.c.  normal  alkali=0*0l7  gram 
ammonia. 

The  normal  nitric  acid  (63  grams  nitric  acid  per  litre)  is 
prepared  of  such  a  strength  that  20  c.c.  of  it  are  neutralised 
by  1  gram  of  pure  Iceland  spar  in  small  pieces,  or  of  pure  sodic 
carbonate  that  has  been  ignited. 


CHAPTER   XIX. 

ABNORMAL    CONSTITUENTS. 


These  may  be  different  forms  of  albumin,  blood,  grape  sugar, 
biliary  acids  and  pigments,  mucin,  leucin,  tyrosin,  cystin, 
cholesterin,  and  fat ;  these  bodies  will  be  referred  to  in  detail. 
In  addition  several  other  bodies  may  be  met  with,  such  as  milk 
sugar,  inosit,  dextrin,  pepton,  melanin,  allantoin,  lecithin, 
ace  ton,  alcohol,  hydric  sulphide,  &c. 
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ALBUMINOUS   URINE. 

No  other  pathological  constituent  possesses  the  same  in- 
terest for  the  physician  as  albumin ;  but  even  in  healthy  urine 
small  quantities  of  albumin  may  be  present.  Leube  believes 
that  it  may  be  detected  in  4  per  cent,  of  normal  urines  in  a 
proportion  not  exceeding  0*1  per  cent.  In  some  of  these, 
however,  it  may  only  appear  after  severe  bodily  exertion. 

Serum  albumin  and  serum  globulin  are  the  forms  most  fre- 
quently present,  particularly  the  serum  albumin ;  the  serum 
globulin  shows  itself  most  frequently  in  acute  inflammatory 
affections  of  the  kidney  and  in  amyloid  disease  of  the  same 
organ,  and  often  also  in  catarrh  of  the  bladder,  but  very  little  is 
present  in  most  chronic  inflammations  of  the  kidney  (Senator). 
In  albuminous  urine  we  may  also  meet,  and  indeed,  according 
to  Senator,  nearly  always,  with  albuminoid  bodies  such  as 
peptone  and  the  like ;  but  according  to  Gerhardt  this  only 
occurs  in  cases  of  profound  tissue  alteration  of  the  organism, 
as  occasionally  in  diphtheria,  typhus  fever,  and  phosphorus 
poisoning.  Peptones  have  also  been  met  with  in  the  urine  in 
cases  of  acute  nephritis  (Petri,  Eichwald),  as  also  in  acute 
yellow  atrophy,  and  phosphorus  poisoning. 

Under  a  certain  degree  of  pressure  albumin  will  pass 
through  an  animal  membrane.  Thus,  in  experiments  of 
Gottwalt's,  when  albuminous  fluids  were  allowed  to  rest  upon 
or  to  flow  under  different  pressures  over  the  membrane,  the 
filtrate  was  found  to  increase  with  the  pressure,  but  in  no  definite 
ratio  ;  the  amount  of  albumin  in  the  filtrate  was  always  •  less 
than  in  the  original  fluid:  e.g.  egg  albumin  solution  gave  72  per 
cent.;  fluid  from  an  ovarian  cyst,  70  per  cent.;  blood  serum, 
60  per  cent. ;  hydrocele  fluid,  40  per  cent.  The  percentage  of 
globulin  was  still  less,  serum  albumin  and  serum  globulin 
passing  through  the  membrane  in  the  ratio  of  3  to  2. 

Characters. — Albuminous  urine  is  pale  or  greenish  yellow 
in  colour,  of  a  low  sp.  gravity  (1006  to  1014),  and  not  generally 
clear  soon  after  being  passed ;  usually  also  after  standing  a 
short  time  it  deposits  more  or  less  sediment,  which  may  consist 
of  casts,  clots,  epithelial  or  pus  cells ;  a  froth  forms  readily  on 
shaking. 
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Amount. — In  moderate  cases  6  to  8  or  4  to  10  grams  of 
albumin  in  the  twenty-four  hours  is  the  average  ;  in  severe  cases, 
10  to  12  grams,  or  even  as  high  as  30  grams.  The  average 
amount  present  in  acute  cases  of  albuminuria  is  -^-^  to  J  per  cent., 
seldom  over  1  per  cent.,  though  it  may  rise  to  4  per  cent. 

A  loss  of  2  grams  in  the  twenty-four  hours  has  little  influence 
on  the  blood  and  nutrition,  while  a  loss  of  6  to  8  grams  may 
be  regarded  as  moderate,  but  as  considerable  when  it  exceeds  10 
to  12  grams  (Vogel).  A  constant  daily  loss  of  albumin  must 
ultimately  i  educe  the  proportion  of  albumin  in  the  blood,  and 
produce  a  condition  of  hydrsemia  favourable  to  the  occurrence 
of  dropsies ;  but  so  long  as  the  digestion  and  appetite  keep 
good  the  constitution  of  the  blood  remains  long  comparatively 
unimpaired. 

Tests. — The  student  should  carefully  perform  for  himself  the 
experiments  detailed  in  pp.  98,  99,  and  note  the  readiness  with 
which  albumin  is  changed  into  an  albuminate  when  only  a  small 
amount  of  albumin  is  present  and  a  very  slight  excess  of  acid 
or  alkali.  In  testing  for  albumin  in  urine  he  should  therefore 
guard  against  this  source  of  error  by  never  adding  less  than 
j\th  the  volume  of  the  urine  of  nitric  acid.  Further,  the 
urine  should  be  perfectly  clear :  this  can  generally  be  effected 
by  filtration,  but  occasionally  this  is  not  sufficient ;  some 
calcined  magnesia  should  then  be  added  and  the  whole  well 
shaken  ;  or  a  few  drops  of  a  solution  of  sulphate  of  magnesia 
and  then  of  rodic  carbonate,  and  the  mixture  shaken  as  before. 
The  filtrate  will  now  pass  through  clear. 

1.  The  Test  by  Boiling, — Normal  urine  of  acid  reaction 
generally  remains  clear  on  boiling,  or  if  a  flocculent  precipitate 
occurs  it  is  due  to  earthy  phosphates — a  separation  more  likely 
to  occur  with  a  neutral  or  alkaline  urine.  Always,  therefore, 
before  applying  this  test,  ascertain  the  reaction  of  the  urine, 
and  if  it  is  alkaline,  first  acidify  with  a  little  acetic  or  nitric 
acid ;  and  to  avoid  a  solution  occurring  of  the  albumin,  which 
would  be  possible  if  only  a  trace  were  present,  it  is  best  to 
proceed  thus :  Acidify  with  very  little  acetic  acid,  then  add  ^th 
the  volume  of  the  urine  of  concentrated  solution  of  sodic 
chloride,  magnesic  sulphate,  or  sodic  sulphate ;  on  boiling  any 
albumin  present  will  be  precipitated.     The  separation  of  the 
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albumin  generally  occurs  about  50°  to  60",  in  acid  urines  con- 
taining sodic  chloride  generally  from  70°  to  72°,  the  coagula- 
tion first  showing  itself  at  the  surface  ;  but  when  only  a  trace 
of  albumin  is  present  separation  may  not  occur  till  boiling 
point  is  reached. 

It  should  be  remembered  that  when  a  large  amount  of 
mucin  is  present  in  urine  the  addition  of  acetic  acid  may  cause 
a  precipitation  of  this  body,  and  thus  lead  to  the  presence  of  a 
trace  of  albumin  being  suspected.  Accordingly,  if  much  mucin 
is  present,  filter  before  boiling. 

The  test  may  be  conveniently  applied  in  this  way :  Fill  a 
long  test  tube  |  full  with  urine,  then  holding  the  tube  by  its 
lower  end  heat  the  upper  third  or  so  of  the  urine.  Even  a 
slight  opalescence  is  thus  rendered  perceptible.  A  few  drops 
of  nitric  acid  are  then  added. 

When  the  urine  is  turbid,  but  clears  up  as  the  temperature 
rises,  an  excess  of  urates  is  present.  In  some  cases  of  osteo- 
malacia a  proteid  body  is  present  in  urine,  which  is  precipitated 
by  boiling,  but  disappears  on  the  addition  of  nitric  acid,  re- 
appearing again,  however,  as  a  yellowish  jelly  when  the  liquid 
cools. 

2.  The  Nitric  Acid  Tes^.— Treat  a  little  of  the  urine 
with  one-third  its  volume  of  pure  nitric  acid  (sp.  gr.  1*2):  if 
the  iu:ine  remains  clear  there  is  no  albumin,  or  only  a  trace. 
Heating  is  unnecessary,  but  it  is  generally  advisable  first  to  boil 
the  urine  and  then  to  add  nitric  acid  in  excess,  when  any 
precipitate  due  to  earthy  phosphates  will  disappear.  Occasionally 
prolonged  boiling  after  the  addition  of  the  acid  gives  rise  to  a 
slight  muddiness  even  in  urine  free  from  albumin,  but  to  what 
this  is  due  it  is  difficult  to  say. 

A  separation  of  urates  may  also  occur,  which  is  liable  to  be 
mistaken  for  albumin ;  but  the  urates  disappear,  while  the 
albumin  remains  when  the  urine  is  heated.  Excess  of  uric  acid 
may  also  cause  a  precipitate,  but  it  does  not  generally  form 
immediately,  and  the  crystalline  character  of  the  deposit  is 
characteristic.  This  excess  of  uric  acid  has  been  met  with  in 
typhoid  fever  and  certain  liver  affections.  If  only  traces  of 
albumin  are  present,  prolonged  boiling  after  the  acid  has 
been    added    may    dissolve   the    albumin,   forming    an     acid 
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albuminate  that  is  not  precipitated  by  heat.  The  use  of 
certain  resins,  essences,  turpentine,  copaiba,  cubebs,  &c.,  may 
cause  an  opalescence  when  the  acid  is  added,  but  alcohol 
causes  this  to  disappear,  and  it  also  disappears  when  the  urine  is 
heated ;  there  is  in  addition  a  characteristic  smell  evolved. 

This  test  may  be  applied  with  great  delicacy  by  Heller's 
Tnethod :  Pom- into  a  wide  test  glass  some  pure  nitric  acid  until  it 
forms  a  layer  about  half  an  inch  deep  ;  then  by  means  of  a  pipette 
allow  the  urine,  which  should  be  clear,  to  flow  slowly  over  the 
surface  of  the  acid.  If  albumin  is  present  a  ring  of  opalescence, 
sharply  limited  above  and  below,  appears  at  the  line  of  contact 
of  the  two  liquids.  The  acid  may  also  be  allowed  to  trickle  slowly 
down  the  side  of  the  inclined  test  glass  containing  the  urine,  so 
as  to  accumulate  below  that  fluid.  A  little  time  should  always 
be  allowed  to  elapse  before  pronouncing  upon  the  absence  of 
the  hazy  cloud  indicative  of  albumin ;  and  this  caution  is  par- 
ticularly necessary  when  only  a  trace  of  albumin  is  present. 
The  opalescence  is  best  seen  by  standing  before  a  window  and 
holding  the  tube  on  a  level  with  the  eye  in  front,  say,  of  the 
sleeve  of  a  dark  coat,  with  the  light  falling  obliquely  upon  the 
test  glass  from  above,  (a)  A  ring  showing  itself  at  a  higher 
level,  and  not  so  sharply  defined  superiorly,  is  due  to  excess  of 
urates.  Sometimes  two  rings  may  make  their  appearance,  one 
at  the  line  of  contact  of  the  urine  and  the  acid,  due  to  albu- 
min, and  the  other  higher  up,  due  to  excess  of  urates.  If  there 
should  be  any  difficulty  as  to  the  identity  of  the  urates,  insert 
the  test  glass  in  boiling  water,  and  the  cloud  of  urates  will 
gradually  disappear  as  the  urine  becomes  heated ;  further,  the 
addition  of  acetic  acid  to  a  fresh  specimen  of  the  urine  causes 
a  similar  precipitate,  but  no  coagulation  of  albumin.  In  the 
case  of  a  turbid  urine,  generally  the  result  of  the  presence  of 
excess  of  urates,  the  turbidity  should  first  be  removed  by  gently 
heating  the  urine.  (6)  Very  concentrated  urines  may  give  a 
crystalline  precipitate  of  nitrate  of  urea  at  the  line  of  contact, 
but,  besides  being  crystalline  in  appearance,  it  disappears  when 
the  urine  is  diluted  or  gently  heated  ;  it  is  also  slow  in  forming. 
But,  to  avoid  any  mistake  from  urea  or  urates,  dilute  the  urine 
with  two  or  three  times  its  volume  of  water  before  testing 
it. 
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Often  at  the  line  of  contact  of  the  two  fluids  a  violet  or  blue 
coloration  may  show  itself,  due  to  indican. 

3.  Acetic  or  Citric  Acid  and  Ferrocyanide  Test,  —  Acidify 
strongly  with  acetic  or  citric  acid,  and  add  some  drops  of  potassic 
ferrocyanide  solution  :  a  white  flocculent  precipitate  appears ; 
even  very  dilute  solutions  give  a  turbidity. 

4.  The  Picric  Acid  Test. — This  is  also  strongly  recom- 
mended by  sotne  authorities,  a  saturated  watery  solution  being 
used,  and  it  is  best  applied  alter  Heller's  method  with  nitric 
acid,  a  narrow  greenish  zone  or  cloud  appearing  at  the  junction 
of  the  two  fluids.  It  forms  in  a  minute  or  so,  even  if  the 
albumin  is  present  in  only  very  small  quantity.  It  is  not  so 
applicable  where  there  is  turbidity  from  urates  or  phosphates 
(Kirk).  According  to  Dr.  Gr.  Johnson  '  there  is  no  known 
substance  occurring  in  either  normal  or  abnormal  urine,  except 
albumin,  which  gives  a  precipitate  with  picric  acid  insoluble  by 
the  subsequent  application  of  heat.'  The  presence  of  quinine 
in  the  urine,  which  always  occurs  when  this  alkaloid  is  admi- 
nistered, causes  an  opalescence  when  the  picric  acid  test  is  em- 
ployed ;  but  all  turbidity  is  dissipated  by  heat.  But  this 
reagent,  it  should  be  remembered,  also  precipitates  albumose 
and  peptones. 

In  addition  to  the  above  reference  will  be  made  here  to  a 
few  other  tests  that  are  regarded  as  delicate. 

5.  Fhosphotungstic  acid  gives  a  precipitate  even  with  very 
dilute  solutions  of  albumin.  Potassio-mercuric  iodide  or  mer- 
curic chloride  with  citric  acid  are  also  good  precipitants.  (See 
p.  99.) 

6.  A  solution  of  taurocholic  acid  precipitates  albumin,  but 
not  peptone. 

7.  Metaphosphoric  acid  exceeds  all  other  known  re- 
agents in  the  completeness  of  its  precipitation  of  albumin 
(Hindenlang). 

8.  Add  a  little  crystalline  trichloracetic  acid  to  1  c.c.  clear 
filtered  urine,  and  leave  the  mixture  at  rest.  The  acid  dissolves, 
and  at  the  juncture  of  the  two  layers  of  liquid  a  well-defined 
cloudy  ring  forms.  When  much  urates  are  present,  warm, 
and  the  turbidity  caused  by  them  disappears,  but  not  that 
formed  by  albumin. 
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9.  When  the  urine  is  suspected  to  contain  peptones  tlie 
last  traces  of  albumin  are  removed  by  lead  acetate,  then  treated 
with  one-fifth  its  volume  of  acetic  acid,  and  finally  with  a  solu- 
tion of  sodic  phosphotungstate  acidified  with  acetic  acid :  any 
cloudiness  or  precipitation  indicates  peptone.  Even  very  dilute 
solutions  of  peptones  yield  a  distinct  opalescence  with  picric 
acid.  Peptones  also  give  a  pinkish  coloration  with  Fe/dinr/s 
solution,  this  re-agent  giving  a  bluish  tint  with  albumin 
(p.  122).  Pour  a  little  of  the  urine  upon  some  Fehling's 
solution  contained  in  a  test  glass,  and  at  the  junction  of  the 
two  fluids  a  phosphatic  cloud  will  show  itself,  above  which  there 
will  be  seen  a  rosy-tinted  layer  if  there  are  peptones  only  in  the 
urine,  but  with  somewhat  of  a  violet  coloration  when  albumin 
is  likewise  present.  On  adding  some  picric  acid  the  colour 
becomes  reddish,  and  finally  yellow. 

To  Separate  the  Albumins  from  Urine. — 1.  A  series  of  methods 
are  given  on  p.  102. 

2.  Occasionally  forms  of  albumin  may  be  present  in  urine  which 
give  no  precipitate  on  boiling  or  after  the  addition  of  nitric  acid,  but 
in  which  a  precipitate  is  obtained  by  alcohol.  In  a  few  cases  the 
mine  has  assumed  an  opalescence  on  dilution,  owing  to  the  presence 
of  paralbumin  and  paraglobulin,  which  was  increased  by  a  current  of 
carbonic  acid  gas  (Senator).  To  detect  or  separate  the  paraglobulin 
dilute  the  urine  to  sp.  gr.  1002  with  water,  and  pass  a  current  of 
carbonic  acid  gas  for  three  or  four  hours ;  let  the  whole  stand  for  a  day 
or  so,  and  a  whitish  precipitate  is  deposited. 

Or  the  globulin  can  also  be  separated  by  saturating  the  albuminous 
urine  with  magnesic  sulphate ;  the  filtrate  contains  the  serum  albumin. 
The  precipitate  is  washed  with  hot  water  until  the  filtrate  is  free  from 
sulphuric  acid  and  the  globulin  not  only  washed  but  coagulated  ;  it  is 
then  to  be  dried  and  weighed. 

Occasionally  only  paraglobulin  is  present  in  pathological  urine,  but 
we  frequently  find  the  albumin  in  this  fluid  consisting  of  paraglobulin 
two-thirds  and  serum  albumin  one-third. 

It  is  rather  difficult  to  separate  serum  alhitmin  and  peptone  when 
they  are  in  the  same  urine,  but  the  process  can  generally  be  effected 
as  follows  :  Strongly  acidify  the  filtered  urine  with  acetic  acid  and 
lay  aside  for  12  hours;  decant  and  filter  the  supernatant  liquid;  then 
add  an  excess  of  a  strong  solution  of  ferric  chloride,  and  afterwards 
neutralise  with  sodic  carbonate.     Decant  and  filter  again  after  some 
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time,  evaporate  the  filtrate  to  a  small  bulk,  and  add  excess  of  absolute 
alcohol ;  the  peptones  are  thrown  down  as  a  brownish  precipitate. 
By  boiling  this  with  alcohol,  washing  it  with  ether,  dissolving  it  in 
water,  then  reprecipitating  with  alcohol,  and  repeating  the  drying 
and  washing  of  the  precipitate  with  ether,  a  yellowish  powder  is 
obtained  (Schultzen,  <tc.). 

Quantitative  Estimation.  1.  After  Scherer's  Method. — 100  c.c.  of 
the  clear  urine  are  placed  in  a  beaker  of  about  200  c.c.  capacity,  and 
if  the  reaction  is  not  markedly  acid  a  drop  or  two  of  acetic  acid  is 
added.  It  is  then  heated  for  half  an  hour  or  so  in  a  water  bath  until 
the  precipitate  settles,  which  is  sometimes  expedited  by  the  cautious 
addition  of  a  trace  of  dilute  acetic  acid.  Pour  upon  a  small  Swedish 
filter  that  has  been  dried  at  110°  and  weighed,  aiding  the  filtration 
by  a  gentle  exhaustion,  and  collect  the  albumin  on  the  filter,  where  it 
is  to  be  washed  with  boiling  water  rendered  ammoniacal  to  remove 
uric  acid  and  urates,  and  then  with  hot  water  alone  till  the  filtrate 
gives  no  reaction  of  chloride ;  it  is  next  to  be  washed  with  absolute 
alcohol  and  subsequently  with  ether,  afterwards  dried  at  110°  and 
weighed. 

The  operation  requires  four  to  five  hours,  but  without  much  care 
the  results  are  inaccurate,  and,  as  it  is  difficult  to  precipitate  the 
albumin  completely,  they  are  also  too  low. 

If  the  urine  is  very  rich  in  albumin  it  is  better  to  take  only  20  to 
50  c.c.  and  dilute  up  to  100  c.c.  before  boihng.  If  much  mucus  is 
present  it  is  advisable  to  dilute  the  urine  with  twice  its  volume  of 
water  and  add  acetic  acid  (15  drops  to  every  100  c.c.) ;  filter  after 
24  hours ;  the  filtrate  is  then  boiled  for  some  time,  either  alone  or 
after  the  addition  to  the  urine  of  xo^h  its  volume  of  nitric  acid. 

2.  By  the  Folariscope. — When  the  urine  is  absolutely  clear  and 
free  from  sugar,  and  the  amount  of  albumin  considerable,  the  estima- 
tion may  be  made  by  means  of  the  polariscope.  The  clearing  up  can 
usually  be  effected  by  treating  the  urine  with  acetic  acid,  sodic 
carbonate,  or  milk  of  lime,  or  with  magnesic  sulphate  and  carbonate 
of  soda. 

Proceed  as  in  the  examination  of  sugar,  using  Ventzke-Soleil's 
instrument,  and  arranging  by  means  of  the  compensator  so  that  the 
two  halves  of  the  field  of  vision  are  equally  coloured  at  the  teinte  de 
passage  (generally  the  zero  of  the  instrument) ;  the  two  decimetre 
tube  is  to  be  filled  with  the  clear  filtered  urine,  and  the  compensator 
then  turned  till  the  two  halves  of  the  double  plate  are  again  coloured 
alike,  or  till  the  same  teinte  de  passage  is  obtained  as  existed  before 
the  urine  was  inserted  between  the  prisms.  The  zero  of  the  vernier 
is  now  on  the  left  side  of  the  zero  of  the  scale.     Read  ofi*  the  number 
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of  divisions;  each  division  corresponds  to  one  gram  albumin  for 
100  c.c,  urine,  and  each  division  of  the  vernier  representing  -^-^ 
gram. 

If  a  decimetre  tube  is  used  instead,  then  multiply  by  2  the 
degrees  of  the  scale  and  vernier.  More  correctly  the  percentage  will 
be  found  by  the  formula — 

^=56—        ^?=the  weight  of  substance  in  100  c.c.  urine. 


si 


5=the  specific  rotatory  power. 
Z  =the  length  of  tube. 
«= indication  of  the  scale. 


3.  Esbach's  Method  of  Deposits. — The  reagent  employed  is 
prepared  by  mixing  950  c.c.  of  a  solution  of  picric  acid  containing 
10  grams  in  the  litre  with  50  c  c.  acetic  acid  (sp.  gr.  TOG?)  ;  shake 
well  and  lay  aside.  Specially  prepared  tubes  of  glass  about  6  inches 
high,  0'6  inch  wide,  and  graduated  in  grammes,  are  required.  There  are 
two  marks  engraved  on  each  tube,  and  up  to  the  level  of  the  lower 
mark  it  is  to  be  filled  with  the  urine,  and  up  to  the  higher  mark  with 
the  reagent. 

Process. — If  the  urine  has  a  higher  sp.  gravity  than  1006  to 
1008,  dilute  it,  noting  the  amount  of  water  required,  and  if  it  is  not 
acid  add  a  few  drops  of  acetic  acid  and  stir  well.  Then  fill  the 
graduated  tube  with  the  urine  and  the  reagent  as  just  described ; 
close  the  tube  with  the  finger  and  turn  it  upside  down  several  times, 
so  as  to  mix  the  two  fluids.  The  tube  is  next  to  be  laid  aside  for 
12  hours  and  the  level  of  the  deposit  of  albumin  read  off,  which  will 
give  the  number  of  grams  of  albumin  present.  If  the  urine  has  been 
diluted  on  account  of  its  density,  of  course  this  must  be  taken  into 
consideration. 

For  clinical  purposes  the  indications  are  sufficiently  exact,  as  I 
liave  found  by  comparison  with  Scheker's  gravimetric  method.  It  is 
also  very  easy  of  application. 

4.  Rough  Clinical  Method  of  Deposits. — As  a  means  of  compari- 
son as  to  the  relative  amount  of  albumin  discharged  from  day  to  day, 
the  ready  method  is  frequently  adopted  of  boiling  daily  in  the  same 
sized  test  tube  the  same  amount  of  urine  passed  about  the  same  hour 
of  the  day,  and  then  adding  3  or  4  drops  of  acetic  acid  ;  the  tube  is 
laid  aside,  and  the  height  of  the  deposit  as  compared  with  the  volume 
of  the  urine  noted ;  or,  if  no  deposit,  the  degree  of  opalescence  or 
cloudiness.  Only  by  vising  urine  secreted  as  nearly  as  possible  under 
similar  conditions  as  to  time,  &c.,  testing  equal  amounts,  boiling  for 
a  definite  time,  and  noting  the  height  of  the  deposit  after  a  certain 
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period  has  elapsed,  can  any  even  widely   approximative  results  be 
obtained. 

5.  Roberts's  Dilution  Method. — When  an  albuminous  urine  is 
progressively  diluted  with  water  and  tested  at  frequent  intervals  with 
nitric  acid  after  Heller's  method,  it  will  be  noticed  that  the  result- 
ing precipitate  or  opacity  becomes  less  and  less,  until  at  last  it 
vanishes;  when  this  happens  less  than  0'0014  per  cent,  albumin  is 
present.  With  the  increasing  dilution  the  opacity  also  takes  a  longer 
time  in  appearing.  Acting  on  this  Dr.  Roberts  dilutes  the  urine 
until  it  gives  no  ojyalescence  for  30  seconds  after  the  addition  of  the, 
acid,  hut  shows  it  at  the  4:5th  second. 

The  urine  is  first  tested  in  the  ordinary  way,  so  as  to  form  an 
estimate  of  the  albumin  present.  It  is  then  diluted  10  to  100  times, 
as  deemed  necessary,  and  a  test  tube  about  f  inch  wide  is  filled  to 
the  depth  of  an  inch  or  so  with  the  diluted  fluid.  With  a  pipette  a 
definite  quantity  of  nitric  acid  (about  10  to  12  minims)  is  next 
allowed  to  flow  into  the  obliquely  inclined  test  tube,  so  as  to  form  a 
layer  below  the  urine  a  quarter  of  an  inch  deep.  The  time  of  the 
addition  of  the  acid  should  be  exactly  noted,  and  also  the  time  in 
w^hich  the  opacity  appears,  which  may  be  more  readily  seen  by  hold- 
ing up  the  test  tube  to  the  light  against  some  dark  background.  The 
experiment  should  be  repeated  with  more  or  less  diluted  urine  until 
the  reaction  appears  in  not  sooner  than  35  and  not  later  than  45 
seconds  after  the  addition  of  the  acid.  The  degree  of  dilution  is  then 
noted.  If,  say,  to  arrive  at  this  result,  5  c.c  have  been  diluted  up  to 
500  c.c.  the  urine  is  considered  as  having  100  degrees  of  albumin, 
each  degree  corresponding  to  0-0034  per  cent.  [0008  (Musculus), 
0'0033  (Hammarsten)];  and  each  volume  of  water  required  to  be 
added  being  termed  a  degree,  the  zero  being  the  state  of  dilution 
necessary  for  the  terminal  reaction. 

6.  Bodeker's  Method  :  Precipitation  with  a  Standard  Solution  of 
Acetic  Acid  and  Fotassic  Ferrocyanide. — This  gives  fairly  approxima- 
tive results  when  the  albumin  is  not  less  than  1  to  2  per  cent.  The 
precipitation  occurs  in  the  proportion  of  211  of  the  ferrocyanide  to 
1,612  albumin.  Dissolve  1*309  gram  pure  ferrocyanide  in  1  litre 
distilled  water  :  1  c.<3.  =  0*01  gram  albumin. 

Process. — Mix  50  c.c.  of  the  albuminous  urine  with  50  c.c.  ordi- 
nary acetic  acid,  and  transfer  the  mixture  to  a  burette.  Five  or  six 
small  filters  are  placed  in  as  many  funnels,  and  after  having  been 
moistened  with  a  little  acetic  acid  are  filled  with  boiling  water. 
Now  measure  10  c.c.  ferrocyanide  solution  into  a  beaker,  and  add  to 
it  10  c.c.  of  the  mixture  of  urine  and  acetic  acid;  shake  well  and 
filter ;  test  the  filtrate,  if  bright  clear  and  yellow,  with  a  drop  of  urine 
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and  note  if  any  cloudiness  is  produced.  If  the  filtrate  is  turbid,  and 
gives  an  increased  turbidity  on  the  addition  of  the  ferrocyanide,  then 
the  albumin  has  not  been  all  precipitated.  The  experiment  is  then 
to  be  repeated  with  more  or  less  of  the  ferrocyanide,  according  to  the 
result  of  the  first  experiment ;  and  this  is  continued  until  a  nearly 
exact  result  is  obtained. 

7.  Tanret's  method  is  founded  on  the  precipitation  of  albumin  by 
potassio- mercuric  iodide  in  presence  of  acetic  acid.  It  is  thus 
prepared  : — 


Potassio  iodide 

.       3-32 

Mercuric  chloride     . 

.       1-35 

Water       . 

.     64-0 

Acetic  acid 

.     20  c.c. 

1  c.c.  of  this  precipitates  -J^^h  of  a  gram  of  albumin.  It  is  to  be 
added  carefully  and  slowly  till  all  precipitation  is  completed,  which 
can  be  determined  by  allowing  the  precipitate  to  settle  and  adding  a 
drop  of  the  reagent  to  the  supernatant  liquid  or  to  a  few  drops  of  the 
filtrate. 


CHAPTER   XX. 
PATHOLOGY  OF  ALBUMINURIA. 

The  cases  in  which  albuminuria  appears  are  very  numerous. 

1.  Renal  Affections, — In  a  great  number  of  the  cases  of 
albuminuria  the  kidneys  have  undergone  structural  alteration. 
Langhans  and  others  have  detected  changes  in  the  epithelium  of 
the  Malpighian  capsules  ;  lesions  of  the  epithelial  lining  of  the 
tubes  also  frequently  occur,  but  degeneration  of  this  epithelium 
as  well  as  casts  in  the  tubes  may  be  present  without  any  con- 
sequent albuminuria  (Schachowa).  It  is  probable  that  amyloid 
degeneration  of  the  kidney  not  involving  the  capsules  may 
exist  for  a  long  time  without  any  albumin  in  the  urine 
(Litten),  Albuminuria  may  therefore  be  the  direct  conse- 
quence of  renal  disease,  as  in  acute  inflammation  or  con- 
gestion  and  in  the  different  forms  of  Brighfs  disease  of  the 
kidneys.  As  a  temporary  phenomenon  it  may  be  noted  in 
the  congestion  often  resulting  upon  paralysis  of  the  vasomotor 
nerves  of  the  kidneys,  and  occasionally  recurring  in  specific 
and  inflammatory  fevers^  attended  with  a  high  temperature, 


PATHOLOGY  OF  ALBUMINURIA.  513 

as  in  scarlatina  in  an  early  stage,  and  during  convalescence 
in  typhus,  typhoi({,  variola,  erysipelas,  and  dij^htheria ;  and  in 
meningitis,  pneumonia,  peritonitis,  acute  rheumatism,  espe- 
cially when  accompanied  by  pericarditis,  pneumonia,  or  pleu- 
risy ;  and  in  puerperal  fever,  particularly  when  attended  with 
puerperal  convulsions.  If  the  temperature  should  continue 
high  for  some  time  (above  104°  F.)  peptones  may  also  be  pre- 
sent. In  some  individuals  there  is  a  great  tendency  to  this 
occurrence  of  albuminuria  in  the  course  of  different  febrile 
attacks ;  but  albuminuria  is  a  recognised  sequela  of  scarlatina, 
and  a  frequent  occurrence  in  variola,  typhoid,  erysipelas,  ma- 
lignant pustule,  and  diphtheria.  The  congestion  of  the  kidneys 
leading  to  the  presence  of  albumin  in  the  urine  may  also  result 
from  the  irritation  of  powerful  diuretics,  cantharides,  carbolic 
acid,  &c. 

Retention  of  the  urine  through  closure  of  the  ureters  may 
likewise  lead  to  albuminuria,  the  epithelium  lining  the  tubules 
becoming  granular  and  fatty,  casts  also  sometimes  presenting 
themselves.  Occasionally  in  advanced  and  unfavourable  cases 
of  diabetes  albuminuria  may  set  in. 

2.  A  Disturbance,  of  the  Renal  Circulation  produced  by  an 
Extrarenal  Cause,  leading  to  Reduction  or  Increase  of  the  Blood 
Pressure  in  the  Kidneys. — Diminished  blood  pressure  in  the 
glomeruli,  as  when  brought  about  by  pressure  on  the  arteries, 
may  cause  albuminuria  (Runeberg);  but  the  experiments  of 
GoTTWALT  would  make  it  appear  that  the  higher  the  arterial 
pressure  the  greater  should  be  the  percentage  of  albumin.  As 
LuDWiG  has  pointed  out,  ligature  or  compression  of  the  reniil 
veins  causes  a  great  swelling  up  of  the  venous  bundles  in  the 
marginal  layer  of  the  medulla  of  the  kidney,  which  leads  to  a 
closure  of  the  urinary  tubules  in  the  neighbourhood.  The 
disturbed  circulation  in  the  kidney  may  be  produced  by 
(a)  compression  of  the  renal  veins  by  tumours  or  otherwise, 
or  occlusion  of  these  veins  or  of  the  vena  cava  ascendens  by 
thrombi  or  emboli,  or  by  an  enlarged  pregnant  uterus  (7th 
to  8th  month,  but  occasionally  in  the  3rd  or  4th  month,  1  in 
56  -Arsdale)  ;  (h)  temporary  compression  of  the  renal  artery ; 
(c)  increased  arterial  blood  pressure  in  one  kidney,  caused  by 
extirpation  of  the  other  or  by  compression  of  the  aorta  below 
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the  origin  of  the  renal  vessels;  (c?)  compression  of  the  aorta 
above  the  origin  of  the  renal  vessels  (Overbeck)  ;  (e)  inter- 
ference with  the  circulation  from  distension  of  the  heart  ; 
(/)  compression  of  the  bronchi  leading  to  convulsions,  weaken- 
ing of  the  cardiac  beat,  and  suffocation  ;  (^)  great  reduction 
of  temperature  (Lassar)  ;  (/i)  reduction  of  blood  pressure, 
the  quantity  of  the  urine  being  at  the  same  time  diminished, 
as  in  cholera,  in  new-born  children,  in  eclampsia  parturientium, 
and  occasionally  in  cases  of  epilepsy,  tetanus,  lead  colic,  and  in 
many  cases  of  chronic  bronchitis,  croupous  pneumonia,  phthisis 
pulmonalis,  emphysema,  pleurisy,  and  peritonitis:  in  many  of 
these  cases  it  would  be  difficult  to  state  the  true  pathological 
cause  and  to  say  whether  the  renal  pressure  is  reduced  or  raised. 

The  congestion  of  the  kidney  may  be  active,  as  in  the  tem- 
porary turgescenceof  the  renal  capillaries  occasionally  occurring 
in  inflammatory  and  other  fevers,  after  exposure  to  cold,  in 
some  forms  of  nerve  irritation,  and  consequent  on  the  passage 
of  irritants  through  the  kidneys  ;  or  passive  and  secondary  to 
general  venous  engorgement  of  the  kidneys,  as  in  the  venous 
obstruction  resulting  from  cardiac,  pulmonary,  and  hepatic 
disease,  and  in  thoracic  aneurism  and  mediastinal,  ovarian,  and 
other  tumours. 

,3.  Disturbed  Innervation. — Bernard  found  that  lesions  of 
different  parts  of  the  brain  and  spinal  cord,  as  well  as  stimu- 
lation of  the  renal  nerve S;  caused  an  appearance  of  albumin  in 
the  urine,  the  results  being  probably  due  to  the  alteration 
in  the  diameter  of  the  blood  vessels  and  in  the  blood  pressure. 
In  some  nervous  diseases  the  nervous  symptoms  may  be  asso- 
ciated with  the  renal  disease,  as  in  the  hemiplegia  resulting 
from  cerebral  hajmorrhage  in  contracted  kindey  with  cardiac 
hypertrophy ;  or  it  may  be  a  direct  effect  of  the  nervous  disease 
itself,  as  in  the  temporary  albuminuria  occasionally  observed 
after  epileptic  or  other  nervous  fits,  or  in  tumour  of  the  brain 
or  other  cerebral  lesions,  as  meningitis,  tetanus,  and  delirium 
tremens  (Huppert,  Furstner,  &c.) 

4.  Alteration  in  the  Constitution  of  the  Blood,  brought 
about  possibly  by  certain  modifications  in  the  tissue  meta- 
morphoses occurring  in  different  febrile  and  inflammatory 
affections,  as  in  a  hydraemic  condition  of  the  blood  with  atony 
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of  the  tissues,  as,  occurs  in  purpura,  scurvy,  pyaemia,  or  after 
exhaustive  illnesses  and  extensive  alteration  of  important 
organs. — The  injection  of  diluted  and  filtered  white  of  egg 
into  the  veins  of  an  animal  is  followed  by  its  excretion  by  the 
kidneys  ;  a  similar  injection  of  much  water  often  leads  to  the 
same  result.  Want  of  common  salt  in  the  food,  and  an  excess 
of  a  diet  rich  ,in  albumin,  especially  after  fasting,  may  also  be 
succeeded  by  albuminuria,  and  occasionally  in  nursing  women 
after  sudden  suppression  of  the  secretion  of  milk  albumin 
may  appear  in  the  urine. 

Certain  poisons  may  likewise  lead  to  albumin  in  the  urine, 
as  the  long-continued  use  of  large  doses  of  morphia,  after  deep 
chloroform  narcosis,  and  the  inhalation  of  arseniuretted  hydrogen 
and  carbonic  oxide,  &c.,  and  in  lead  and  phosphorus  poisoning. 
The  albuminuria  occurring  in  cholera  may  depend  on  the  in- 
creased sp.  gravity  of  the  blood  resulting  from  the  profuse 
alvine  discharges. 

In  many  chronic  and  constitutional  affections  albuminuria 
may  be. noted,  as  in  leukaemia,  syphilis,  cancer,  scrofulous  sup- 
purations, &c.,  occasionally  also  in  cases  of  chronic  indigestion 
with  constant  alkaline  urine  or  oxalate  of  lime  deposits. 

5.  Admixture  of  Blood,  Pus,  or  Semen  with  the  urine  may 
render  it  albuminous.  The  blood  and  pus  may  be  derived  from 
the  kidney  or  the  urinary  passages,  bladder,  &c.  Look  for 
blood  or  pus  corpuscles,  spermatozoa,  threads  of  fibrin,  and 
haemoglobin.  When  a  purulent  urine  is  treated  with  liquor 
potassae  the  deposit  is  rendered  glairy  or  gelatinous. 

Diagnosis. — It  will  readily  be  seen  that  in  many  of  these 
cases  the  albuminuria  is  only  tem'porary,  as  in  zymotic  diseases 
when  there  is  a  specific  poison  and  a  high  temperature,  and 
often  in  the  course  of  such  diseases  as  tubercle,  cancer,  and 
necrosis,  &c. 

In  all  cases  of  albuminuria  it  should  accordingly  be  care- 
fully noted  whether  or  not  the  condition  is  a  temporary  or  'per- 
manent one-,  an  estimate  should  then  be  formed  as  to  its 
amount ;  concurrent  evidence  should  also  be  looked  for,  and 
note  taken  as  to  the  quantity  of  the  urine,  its  sp.  gravity,  the 
j  presence  in  it  of  renal  epithelium,  tube  casts,  blood,  pus. 
\       crystalline  deposits,  parasites,  &c. 
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Above  all  the  student  rmist  not  conclude,  when  he  finds 
albumin  in  the  urine,  that  its  presence  there  is  necessarily 
due  to  renal  disease. 

A  large  amount  of  albumin  in  the  24  hours  points  to  renal 
disease,  and  this  is  more  likely  to  be  the  case  if  the  urine  is 
pale  in  colour  and  of  low  sp.  gr.  (under  1012),  and  about  3  or 
4  pints  in  quantity.  As  a  rule  a  small  amount  of  albumin  and 
a  dense  and  high-coloured  urine  point  to  pyrexia,  or  to  some 
interference  with  the  renal  circulation.  Casts  or  renal  epithe- 
lium are  indicative  of  renal  mischief.  Therefore,  if  the  urine 
is  permanently  albuminous,  casts  and  renal  epithelium  present, 
and  no  other  abnormal  condition  capable  of  producing  the 
albuminuria  to  be  detected,  the  probability  is  that  the  disease 
is  renal. 

It  is  of  importance  also  in  cases  of  albuminuria  to  deter- 
mine the  amount  of  urea  passed,  as  the  prognosis  would,  as  a  rule, 
be  much  more  unfavourable  if  the  excretion  of  this  body  fell 
considerably  below  the  normal. 


CHAPTER   XXI. 

HJmATURIA—BLOOD  IN  THE   URINE. 

Blood  is  present  in  the  urine  in  many  diseases,  the  corpuscles 
and  haemoglobin,  or  in  some  cases  the  haemoglobin  alone. 
Fibrin  or  the  fibrin  generators  may  show  themselves,  in  which 
case  spontaneous  coagulation  would  set  in ;  but  this  is  a  very 
rare  occurrence  except  in  tropical  countries. 

Properties. — Urine  containing  blood,  unless  the  amount  is 
very  slight,  is  either  of  a  blood  red  or  brownish  colour  with  a 
black,  smoky,  or  greenish  tint,  and  generally  deposits  a  red  or 
reddish  brown  sediment  after  standing.  If  the  source  of  blood 
is  other  than  the  kidneys,  as  the  ureters,  bladder,  or  urethra, 
the  colour  is  of  a  brighter  red,  and  clots  are  often  present. 

Tests. — 1.  Presence  of  Blood  Goiyuscles,  Casts,  Renal 
Cells,  &c. — When  blood  is  suspected  to  be  present  the  urine 
should  be  allowed  to  stand  at  rest  for  some  time,  to  allow  a 
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de2:)osit  to  be  formed.  The  microscope  detects  blood  corpuscles 
that  may  be  almost  unaltered,  or  much  swollen,  decolourised, 
and  deformed ;  also  blood  and  fibrin  casts.  At  times  micro- 
scopic examination  fails  to  detect  the  corpuscles,  on  account  of 
the  changes  they  have  undergone  ;  recourse  must  then  be  had 
to  the  other  tests.  Much  alteration  in  the  corpuscles  is  likely 
to  occur  when  the  urine  is  ammoniacal  or  of  very  low  sp. 
gravity  ;  otherwise,  with  the  exception  of  some  decolourisation, 
they  may  retain  their  form  for  several  days,  and  appear  as  cir- 
cular, non-nucleated,  somewhat  flattened  disks,  which  must  not 
be  confounded  with  sporules,  discoid  crystals  of  oxalate  of  lime, 
or  renal  epithelium.  In  cases  of  doubt,  after  examining  the 
deposit  upon  a  glide  with  the  microscope,  irrigate  it  with  a 
strong  watery  solution  of  magenta  (about  1  per  cent.),  which 
stains  the  nuclei  of  the  renal  epithelial  cells  and  also  the 
sporules ;  and  irrigate  in  the  same  way  another  specimen  with 
a  solution  of  eosin  (eosin  1,  alum  1,  alcohol  100),  which  imparts 
a  rosy  orange  tint  to  the  coloured  corpuscles,  if  they  have  not 
been  completely  deprived  of  their  hsemoglobin.  When  the 
presence  of  the  corpuscles  has  been  satisfactorily  established, 
it  should  be  noted  whether  the  blood  is  associated  with  calculi, 
parasites,  or  much  mucus ;  and  at  the  same  time  the  obser- 
vation carefully  made  whether  or  not  the  blood  is  intimately 
mixed  with  the  urine,  and  blood,  fibrin,  or  epithelial  casts,  or 
pus  or  cancer  cells  present. 

2.  Presence  of  Hcemoglohin, — The  urine,  according  to 
HOPPE  Seyler,  seldom  contains  oxyhsemoglobin,  but  instead 
methsemoglobin  ;  with  pathological  urine  containing  blood,  how- 
ever, I  have  generally  been  able  to  obtain  the  absorption 
bands  of  oxyhsemoglobin,  and  sometimes  that  of  the  so-called 
methaemoglobin  as  well.  The  unfiltered  urine  should  be 
examined  directly. 

(a)  A  layer  of  the  urine  is  examined  in  a  small  glass  vessel 
with  parallel  walls,  the  narrow  slit  of  the  spectroscope  being 
brought  into  close  proximity  with  it.  Sometimes  only  the  band 
near  d  is  visible. 

(6)  If  no  absorption  bands  are  seen  add  acetate  of  lead  in 
excess  to  a  considerable  volume  of  the  urine,  filter,  and  shake 
up  the  precipitate  thus  obtained  in  a  little  water,  where  it  is  to 
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be  decomposed  with  sodic  carbonate,  then  the  precipitated  lead 
carbonate  removed  by  filtration,  and  the  filtrate  examined 
spectroscopically  (Hoppe  Seyler). 

(c)  Mix  in  a  test  tube  equal  volumes  of  spirits  of  turpen- 
tine and  tincture  of  guaiacum,  freshly  prepared  by  dissolving 
in  alcohol  (83  per  cent.)  small  fragments  detached  from  the 
interior  of  a  large  piece  of  the  gum  that  has  been  broken  in 
two.  Shake  this  tincture  and  the  spirits  of  turpentine  well 
together,  so  as  to  form  an  emulsion ;  and  add  a  little  of  the 
mixture  to  some  of  the  urine  in  a  test  glass,  pouring  it  slowly 
down  the  side  of  the  tube  upon  the  urine :  if  blood  is  present 
the  resinous  precipitate  has  more  or  less  of  a  blue  coloration 
(Almen). 

Or  the  test  may  be  thus  made  :  Place  a  few  drops  of  the 
urine  in  a  test  tube,  add  a  drop  of  freshly  prepared  tincture 
of  guaiacum,  then  a  little  ozonic  ether,  and  shake  well.  If 
the  ether  rises  to  the  surface  of  a  blue  colour,  blood  is  present. 

3.  Presence  of  Hcematin. — (a)  The  urine  is  rendered 
strongly  alkaline  with  caustic  soda  and  boiled :  the  precipitated 
phosphates  will  be  coloured  of  a  blood  red  by  the  contained 
hsematin. 

A  somewhat  similar  reaction  may  be  obtained  with  urine 
containing  chrysophanic  acid  or  the  pigments  of  rhubarb  or 
senna ;  but  the  deposit,  when  treated  with  caustic  potash,  is 
not  dichroic ;  and  mineral  acids,  instead  of  brightening  the 
colour,  as  is  the  case  with  blood,  render  it  less  vivid. 

(6)  Acidulate  the  urine  containing  the  blood  with  acetic 
acid  and  boil  it,  when  a  brownish  coagulum  of  albumin  and 
hsematin  is  precipitated.  Decant  the  urine  from  the  coagidum, 
and  having  washed  the  latter  with  a  little  w^ater,  shake  it  up 
with  some  alcohol  containing  sulphuric  acid  :  a  red  or  reddish 
brown  solution  is  thus  obtained,  which  is  to  be  filtered.  If 
sufficiently  concentrated  it  will  show  on  spectroscopic  examina- 
tion a  dark  band  midway  between  c  and  d,  and  another  lighter 
and  less  decidedly  marked  but  broader  band  extending  from 
midway  between  d  and  E  to  f.  Sometimes,  how^ever,  with  a 
certain  degree  of  dilution  this  latter  band  may  appear  as 
two,  one  near  f  and  the  other  near  d.  If  now  the  alcoholic 
solution  is  evaporated  to  dryness  and  the  residue  incinerated, 
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the  presence  of  iron  in  the  ash  may  be  detected  by  dissolving 
it  in  a  few  drops  x>f  dilute  hydrochloric  acid,  and  adding  a  little 
ferrocyanide  of  potassium,  when  a  blue  precipitate  is  formed. 
This  is  best  effected  on  a  slide  under  the  microscope. 

4.  Presence  of  Hcemin. — (a)  By  adding  a  few  grains  of 
chloride  of  sodium  to  the  alcoholic  solution  obtained  as  in  the 
last  process,  and  evaporating  it  carefully,  hsemin  may  be  formed. 

(b)  Eender  the  urine  alkaline  with  ammonia  or  potash, 
then  add  some  solution  of  tannic  acid,  and  acidify  with  acetic 
acid.  A  dark  precipitate  is  obtained,  which  is  to  be  collected 
and  washed  on  a  filter,  dried,  and  a  little  of  it  rubbed  up  in  an 
agate  mortar  with  a  trace  of  sodic  chloride,  and  then  transferred 
to  a  test  tube  to  which  some  glacial  acetic  acid  is  added,  and 
the  whole  boiled  ;  next  filter  into  a  watch  glass,  and  dry  the 
filtrate  at  a  moderate  temperature.  Now  heat  the  residue  on  a 
glass  slide  with  some  drops  of  glacial  acetic  acid,  and  having 
applied  a  cover  glass  heat  again  after  the  addition  of  more 
acetic  acid;  when  cool  examine  under  the  microscope,  and  if 
blood  has  been  present  in  the  urine  dark  brown  rhombic  lamellae 
of  hsemin  or  flattened  rhombic  needles  frequently  crossed  are  to 
be  seen  (Strove). 

To  Distinguish  between  Hcematuria  and  AlhuTninuria. — 
Bloody  urine  necessarily  also  contains  albumin  ;  hence  it  is  often 
of  importance  to  know,  when  blood  is  found  in  the  urine, 
whether  the  whole  of  the  albumin  present  comes  from  this 
source — whether,  in  short,  the  case  is  haematuria  plus  albu- 
minuria or  haematuria  alone.  This  can  be  ascertained  by  com- 
pletely separating  all  the  albumin  from  a  definite  volume  of  the 
urine,  weighing  it  after  it  has  been  dried,  and  then  incinerat- 
ing and  determining  the  iron  present  in  the  ash,  from  which 
the  corresponding  quantity  of  blood  can  be  calculated. 

Pathology. — The  presence  of  blood  in  the  urine  indicates  a 
haemorrhage  from  some  part  of  the  uropoietic  tract.  Its  causes  and 
consequences  vary  greatly.  It  should  be  carefully  noted  whether 
or  not  the  condition  is  permanent  or  temporary,  in  the  former  the 
prognosis  being  very  unfavourable,  as  in  cases  of  intense  scurvy,  septic 
fevers,  &c. 

Sources.  1.  Kidneys. — Calculi,  tubercle,  cancer,  or  abscesses;  in 
acute   and  occasionally  in  chronic  forms  of  nephritis;  aneurism  and 
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emboli  of  the  ren«il  arteries,  and  thrombosis  of  the  renal  veins ;  falls 
and  blows  leading  to  rupture ;  parasites  in  the  mucous  membrane 
of  the  pelvis,  as  in  the  endemic  hsematuria  of  hot  climates,  and  in 
some  cases  of  pyelitis ;  in  the  congestions  at  times  occurring  in  the 
eruptive  fevers,  in  which  it  may  occur  from  the  whole  urinary  tract ; 
or  as  the  result  of  exposure  to  cold,  or  after  the  use  of  cantharides, 
turpentine,  and  other  powerful  diuretics ;  occasionally  also  in  a 
paroxysmal  foi'm,  and  in  the  hsemorrhagic  diathesis  often  noted  in 
scurvy,  purpura  hjemorrhagica,  and  malaria. 

2.  Bladder. — Diphtheritic  and  acute  cystitis,  calculi,  carcinoma, 
congestion,  fungoid  growth,  varicose  veins,  &c. 

3.  Prostate. — Structural  disease. 

4.  Urethra. — After  catheterisation,  &c. 

Hsemoglobinuria. — Urine  containing  haemoglobin  without 
any  blood  corpuscles  is  of  a  very  dark  red  colour,  coagulating 
on  boiling  and  a  brown  scum  forming  on  the  surface.  If  it  is 
now  well  shaken  up  with  alcohol  containing  sulphuric  acid  the 
hsemoglobin  is  dissolved,  and  the  alcoholic  extract  gives  the 
absorption  spectrum.  This  would  point  to  haemoglobin  existing 
free  in  the  serum  of  the  blood,  owing  to  a  considerable  destruc- 
tion of  the  corpuscles  in  the  blood  vessels;  and,  indeed,  it  is 
possibly  owing  to  the  excess  of  haemoglobin  set  free  that  it  is 
excreted  in  the  kidneys,  for  a  small  amount  of  this  body  is 
constantly  being  liberated  under  normal  conditions.  That  this 
is  very  probable  is  shown  by  the  result  of  experiments  in  which, 
when  only  small  quantities  of  haemoglobin  were  injected  into 
the  blood,  no  elimination  of  it  occurred,  whilst  the  injection  of 
large  quantities  produced  haemoglobin uria  (Ponfik). 

This  condition  has  been  noticed  after  ingestion  of  excess 
of  arseniuretted  hydrogen,  hydrochloric,  phosphoric,  lactic, 
sulphuric,  and  pyrogallic  acids,  and  potassic  chlorate  and  sodic 
bicarbonate ;  also  at  times  after  jaundice,  fat  emboli,  burns, 
typhoid  fever,  scarlatina,  scurvy,  putrid  fevers,  pernicious  inter- 
mittent, transfusion  of  lamb's  blood,  &c. ;  and  it  has  even 
appeared  after  long-continued  cold  baths  and  severe  exercise. 

Methmmoglohin  is  said  to  be  frequently  found  in  urine,  appearing 
if  much  destruction  of  the  coloured  corpuscles  is  induced  in  any  way, 
as  by  injection  of  water,  &c.,  or  of  blood  of  a  different  species,  into 
the  vessels.  The  urine  is  red,  brown,  or  black,  and  gives  three  ab- 
sorption bands,  of  which  the  one  between  c  and  d,  but  nearer  d,  is 
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characteristic.  But  if  the  urine  is  at  all  decomposed,  or  diluted  with 
water  and  shaken*  some  time  in  the  air,  the  absorption  bands  of 
oxyhaemoglobin  aie  obtained. 

With  few  exceptions,  when  this  body  is  present  in  urine,  biliary 
acids  are  also  to  be  found  (Hoppe  Seyler). 


CHAPTER   XXII. 

SUGAR  IN  THE   URINE. 

Melituria. — This  combined  with  polyuria  and  polydipsia 
constitutes  diabetes  mellitus. 

The  weight  of  evidence,  foanded  upon  the  reduction  of 
cupric  and  bismuthic  salts,  and  the  evolution  of  carbonic  anhy- 
dride when  fermented  with  yeast,  appears  to  be  in  favour  of  the 
opinion  that  a  trace  of  sugar  is  generally  found  in  healthy 
urine  (BniJCKE,  Mosler,  Abeles,  Bence  Jones,  Gubler,  Pavy, 
IwANOFF,  Bodecker),  although  many  able  observers  have 
failed  to  separate  grape  sugar  even  from  a  large  volume  of 
urine  (KiJLZ,  Maly,  Moscatelli,  Lehmann,  Leconte,  Seegen, 
Neubauer,  Gorup  Besanez),  while  Hager  asserts  that  he  can 
always  find  it  in  the  urine  of  old  people.  Possibly,  therefore, 
it  may  not  always  be  present,  but  be  affected  considerably  by 
different  physiological  conditions,  such  as  the  diet,  &c.  Indeed, 
there  mav  be  such  a  thing  as  an  '  alimentary  glycosuria,'  as 
Bernard  termed  it,  produced  by  a  food  rich  in  sugars  or  starches. 

Without  entering  into  the  vexed  question  of  the  source  of 
the  sugar  found  in  the  blood  under  normal  conditions,  further 
than  to  state  that  in  the  author's  opinion  the  weight  of 
evidence  seems  to  favour  Bernard's  theory  that  it  is  in  great 
part  derived  from  the  glycogen  of  the  liver,  we  may  safely  say 
that  in  diabetes  the  amount  of  sugar  in  the  organism  is  greatly 
increased,  either  from  its  excessive  formation  or  from  some 
hindrance  to  its  decomposition  when  formed.  Sugar  is  present 
in  the  blood,  and  we  can  readily  see  how  easy  it  is  for  such  a 
body  to  pass  through  the  capillaries  of  the  Malpighian  capsules. 
In  diabetes  the  venous  blood  has  been  found  to  contain  0*9  per 
cent,  of  sugar  (Hoppe  Seyler)  ;  Cantam  has  found  0*5  to  0*8 


622  EXCRETA:    THE  FAECES  AND    URINE. 

per  cent,  in  the  serum ;  but  although  it  may  amount  to  10  per 
cent,  in  the  urine  it  never  rises  in  the  blood  above  1  per  cent. ; 
but  this  increased  proportion  of  sugar  in  the  blood  can  bring 
about  diabetes,  as  we  can  prove  experimentally,  and  in  diabetes 
this  increased  formation  of  sugar  is  a  constant  factor. 

Properties. — Diabetic  urine  is  generally  of  a  very  pale  straw 
colour,  often  turbid,  possessing  frequently  a  slight  greenish  tint 
or  a  faint  opalescence  that  increases  as  the  urine  stands.  Its 
sp.  gravity  is  high  (1030  to  1052,  although  very  exceptionally 
it  may  be  as  low  as  1005);  its  acidity  is  generally  feeble, 
though  occasionally  excessive,  often  being  neutral  or  feebly 
alkaline,  and  its  odour  is  peculiar.  Diabetic  urine  soon  ferments 
with  evolution  of  gas  and  production  of  sporules  and  filaments 
of  the  torula  cerevisise,  which  generally  collect  after  a  time  as  a 
whitish  deposit. 

The  quantity  of  urine  seldom  sinks  below  3J  pints  in  the 
twenty-four  hours,  but  it  varies  generally  between  8  and  15 
pints,  although  it  may  be  much  greater.  The  occurrence  of 
fevers  or  inflammations  diminishes  it  greatly.  4  per  cent,  is  the 
average  amount  of  sugar  present,  rarely  rising  much  above  this, 
but  it  may  form  12  per  cent. 

Sugar  of  milk  may  be  found  in  the  urine  when  the  secre- 
tion of  milk  or  its  discharge  is  suddenly  arrested ;  this  is  a 
regular  occurrence  24  to  48  hours  after  weaning. 

An  acetone  body  is  also  occasionally  present  in  diabetic  urine, 
which  gives  a  brownish  red  coloration  with  ferric  chloride  ;  such 
patients  frequently  emit  an  odour  of  acetone  in  the  breath. 

Tests.  1.  Trommer's.  — -Add  to  the  urine  one-fourth  to  one- 
third  its  volume  of  caustic  soda  solution,  then  drop  by  drop 
a  solution  of  cupric  sulphate  (1  :  10)  until  the  precipitate 
formed  appears  to  have  dissolved  completely  ;  heat  the  upper 
third  of  the  mixture  in  the  test  tube,  and  a  yellowish  red 
precipitate  is  formed  before  the  boiling  point  is  reached. 

Or  apply  the  test  by  dropping  the  urine  slowly  into  a  little 
boiling  diluted  Fehling's  solution  until  rather  less  than  an  equal 
volume  of  the  urine  has  been  added.  If  very  little  sugar  is  pre- 
sent 5  to  20  minutes  may  elapse  before  the  suboxide  is  deposited ; 
the  boiling,  however,  is  not  to  be  prolonged.  But  a  milky  ap- 
pearance is  very  suspicious,  and  generally  indicates  sugar. 
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Uric  acid,  hypoxanthin,  and  mucus,  &c.,  possess  a  reducing 
action  on  cupric 'oxide  ;  the  reduction  also  by  sugar  is  more  or 
less  hindered  by  the  presence  of  albuminous  bodies,  peptone, 
pepsin,  kreatin,  kreatinin,  and  to  a  less  degree  by  the  urinary 
pigments  in  excess. 

Sometimes  the  reaction  fails  unless  the  urine  is  diluted 
before  being  tested  (KtJLz).  The  presence  of  reducing  agents 
in  the  urine  other  than  sugar  may  give  rise  to  a  strong  yellow 
coloration  after  the  urine  has  been  boiled  with  the  cupric  oxide 
and  set  aside  for  a  few  minutes.  In  case  of  doubt  lay  aside  a 
similar  mixture  in  the  cold  for  twenty-four  hours,  and  the  sub- 
oxide will  separate  if  sugar  is  present.  Or,  where  there  is  very 
little  sugar  present  and  some  doubt  as  to  the  cause  of  the 
reduction  of  the  cupric  oxide,  the  urine  may  be  precipitated 
with  plumbic  acetate  and  the  filtrate  tested  with  the  Fehling's 
solution. 

If  there  is  very  little  sugar  it  is  advisable  to  filter  the  urine 
through  animal  charcoal  several  times,  and  the  resulting  limpid 
filtrate  will  give  the  sugar  reactions  more  sharply,  although 
a  little  of  the  sugar  is  retained  by  the  charcoal  (Seegen). 

2.  Circular  Polarisation. — A  urine  containing  even  0*3 
per  cent,  sugar  will  give  a  marked  polarisation  to  the  right. 
Diabetic  urine  is  generally  sufficiently  clear  for  the  purpose  ; 
but  if  too  highly  coloured  it  should  be  filtered  through  animal 
charcoal,  although  charcoal  is  not  to  be  highly  recommended,  as 
it  holds  back  some  of  the  sugar ;  better  therefore  to  precipitate 
the  colouring  matter  with  neutral  lead  acetate,  and  to  pass  the 
urine  through  an  unmoistened  filter  into  a  dry  beaker.  If 
albumin  is  present  it  must  be  separated,  as  it  polarises  the 
light  differently  to  sugar — that  is,  to  the  left.  Take  100  c.c. 
urine,  add  a  drop  or  two  of  acetic  acid,  and  boil  for  some  time  ; 
filter  and  wash  the  precipitate  with  w^ater  until  the  filtrate 
occupies  exactly  100  c.c.     When  cold  test  with  the  polariscope. 

The  use  of  chloral  and  of  certain  aromatic  bodies  interferes 
with  this  process,  on  account  of  their  presence  in  the  urine 
causing  polarisation  to  the  left. 

3.  Fermentation  Test. — Add  a  little  washed  yeast  to  a  long, 
narrow,  closed  tube,  then  fill  this  up  with  the  urine  and  invert 
over  water  or  mercury.     Lay  aside  for  12  hours  in  a  moderately 
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warm  place,  and  then  note  the  accumulation  of  gas  in  the  tube 
and  the  consequent  displacement  of  the  urine.  The  gas  may 
be  shown  to  be  carbonic  acid  by  its  extinguishing  a  burning 
taper  when  dipped  in  it,  and  by  forming  an  opalescent  fluid 
when  shaken  up  with  lime  water. 

4.  Bismuth  Test. — According  to  Bottger  no  other  body 
present  in  urine  except  sugar  reduces  the  bismuth  salt. 

Make  a  solution  of  carbonate  of  soda  (1  to  3  water)  ;  mix  a 
little  of  this  and  the  urine  in  equal  volumes,  and  then  add  a 
pinch  of  basic  bismuthic  nitrate ;  now  boil  for  a  few  minutes : 
the  presence  of  sugar  is  shown  by  the  bismuthic  salt  becoming 
reduced  and  a  greyish  or  blackish  deposit  or  coloration  produced 
(see  p.  %5), 

If  much  pigment  or  albumin  is  present  separate  the  latter 
by  acidifying  with  acetic  acid  and  boiling,  and  the  former 
by  filtration  through  animal  charcoal. 

5.  When  only  traces  of  sugar  are  present  Seegen's  plan  of 
repeatedly  filtering  the  urine  through  animal  charcoal  until  it 
is  colourless,  then  washing  the  charcoal  with  a  little  distilled 
water,  and  testing  the  washings  with  a  little  Fehling's  solution, 
may  be  adopted  with  advantage. 

6.  In  case  of  doubt,  and  if  we  wish  positive  proof  of  the 
presence  of  sugar,  filter  the  urine  through  animal  charcoal  and 
evaporate  to  a  syrup  ;  digest  the  residue  with  alcohol  (82  per 
cent.),  evaporate  the  alcoholic  solution,  and  apply  Trommer's 
test  to  the  residue  dissolved  in  w^ater.  Test  also  the  washings 
of  the  charcoal  as  above.  " 

7.  Torulce  are  developed  in  diabetic  urine,  the  yeast  fungus 
and  the  penicillium  glaucum.  A  white  scum,  due  to  these 
bodies  and  highly  characteristic  of  the  presence  of  sugar,  soon 
accumulates  on  the  surface.  They  generally  occur  as  minute 
oval  vesicles  that  change  their  shape  by  growing  and  developing 
new  vesicles. 

8.  Clinical  Method  (Pratesi,  after  Horsley).— Dissolve 
caustic  potash  2*5  grams  in  60  grams  very  concentrated  liquid 
potassic  silicate,  and  then  add  2  grams  potassic  bichromate. 
Preserve  this  solution  in  a  well-stoppered  bottle.  Now  cut 
a  piece  of  tin  into  strips  about  three  inches  long  and  a;  little 
more  than  one-third  inch  wide.     With  a  glass  rod  place  a  drop 
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of  the  above  solution  on  the  end  of  one  of  the  strips  of  tin  and 
dry  it  there  at  a*  gentle  heat ;  two,  three,  or  more  drops  are 
also  to  be  dried  at  the  same  spot.  To  test  for  sugar  one  of 
these  prepared  slips  is  to  be  taken  and  the  deposit  heated,  when 
it  swells  up  and  takes  a  canary-yellow  colour.  Drops  of  the 
urine  are  now  to  be  placed  over  the  yellow  deposit  one  at  a 
time,  heating  after  each  addition,  so  as  to  evaporate  almost  to 
complete  dryness.  If  sugar  is  present  and  in  a  proportion  not 
less  than  0*4  or  O'o  per  cent.,  a  green  coloration  shows  itself, 
owing  to  the  reduction  of  the  chromate  by  the  decomposition 
products  of  the  sugar. 

9.  Picric  Acid  Test, — Add  to  the  urine  an  equal  volume 
of  a  saturated  watery  solution  of  picric  acid,  and  after  the  sub- 
sequent addition  of  a  little  caustic  potash  heat  gently,  when  a 
marked  reddish  brown  coloration  will  show  itself.  This  change 
of  colour  is  due  to  the  formation  of  picramic  acid. 

By  means  of  this  colour  test  Dr.  G.  Johnson  makes  a  quantitative 
estimation  of  the  sugar  present  in  a  diabi-tic  urine.  A  standard  of 
comparison  is  first  prepared  by  adding  to  a  long  test  tube  one  drachm 
of  a  solution  of  grape  sugar  containing  one  grain  to  the  fluid  ounce, 
half  a  drachm  of  liquor  potassae  (B.  P.),  ten  drops  of  a  saturated  solu- 
tion of  picric  acid,  and  distilled  water  up  to  half  an  ounce  ;  this  mix- 
ture is  then  raised  to  boiling  point,  and  the  boiling  continued  for  a 
minute.  A  claret  red  colour  is  developed,  and  its  depth  of  tint  indi- 
cates a  quarter  grain  of  sugar  to  the  fluid  ounce.  But,  as  the  tint 
becomes  paler  after  a  few  hours,  it  is  advisable  to  imitate  it  hy  adding 
acetic  acid  to  a  solution  of  ferric  chloride,  and  to  enclose  the  resulting 
fluid  in  a  stoppered  bottle,  so  as  to  serve  as  a  permanent  standard  of 
comparison. 

The  process  consists  in  boiling  for  a  minute  a  mixture  of  a  drachm 
of  the  saccharine  urine,  half  a  drachm  of  liquor  potassse,  and  twenty 
drops  of  a  saturated  solution  of  picric  acid,  the  whole  being  made  up 
to  half  an  ounce  with  distilled  water.  According  to  the  amount  of 
sugar  present  will  be  the  intensity  of  colour  produced.  Two  small, 
vertically  arranged  tubes  are  now  to  be  placed  in  a  good  light  on 
white  paper ;  into  one  of  them  is  poured  some  of  the  standard  of 
comparison,  and  into  the  other  the  more  or  less  diluted  coloured 
solution  obtained  by  boiling  the  urine  as  above  with  the  picric  acid 
and  potash.  The  dilution  is  to  be  made  in  a  graduated  tube,  and  it 
is  to  be  repeated  until  equal  columns  of  the  diluted  solution  and  of 
the  standard  of  comparison  exhibit  the  same  tint  when  examined 
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vertically  in  a  good  light.  After  each  comparison  the  coloured  urine 
must  be  returned  to  the  graduated  tube  in  which  the  dilution  is 
effected,  until  the  process  is  completed  ;  and  from  the  amount  of  dilu- 
tion required  the  proportion  of  sugar  present  is  calculated. 

To  Separate  the  Sugar  from  the  Urine. — Evaporate  the 
urine  to  a  syrupy  consistence  and  let  it  stand  aside,  when  after 
a  time  yellow,  friable  masses  of  sugar  will  crystallise  out — a 
process  that  may  be  favoured  by  treating  the  syrup  with  ether 
and  then. letting  it  evaporate.  Digest  the  residue  with  absolute 
alcohol  to  remove  the  urea  and  extractives,  and  separate  any 
sodic  chloride  present  by  dissolving  the  crystals  of  sugar  in  water 
and  precipitating  with  sulphftte  of  silver ;  then  filter,  evaporate, 
and  digest  the  residue  with  spirit  to  dissolve  up  the  sugar. 

Quantitative  Estimation.     I.  Bt/  Fehling's  Method. — See  p.  75. 

The  method  has  thus  been  modified  and  greatly  simplified  by  Dr. 
DuHOMAiE  :  Two  small  pipettes,  graduated  to  deliver  1  and  2  c.c. 
respectively,  are  required,  as  well  as  two  or  three  test  tubes.  A  pre- 
liminary experiment  is  first  required  to  ascertain  the  number  of  drops 
in  a  c.c.  of  the  urine  to  be  tested  :  this  is  readily  effected  by  drawing 
up  a  c.c.  of  the  urine  into  the  graduated  pipette  and  then  allowing 
it  to  escape  in  drops. 

2  c.c.  of  Fehling's  solution  are  diluted  in  a  test  tube  with  an 
equal  volume  of  liquor  sodse  and  boiled.  Titration  is  next  performed 
with  the  diluted  urine  as  in  Fehling's  process.  The  number  of 
drops  found  to  be  contained  in  1  c.c.  of  the  urine  multiplied  by  ten, 
and  the  product  divided  by  the  number  of  drops  of  the  urine  required 
in  the  titration,  equals  the  amount  of  glucose  per  litre  in  grams. 

II.  By  Circular  Polarisation. — Fill  the  two-decimetre  tube  of 
the  polariscope  with  the  filtered  urine,  and  having  rendered  the  tint 
alike  in  both  halves  of  the  double  plate,  read  upon  the  scale  and 
vernier  the  deviation  in  degrees.  When  the  two-decimetre  tube  is 
used  the  percentage  in  grams  is  obtained  by  dividing  the  number 
of  degrees  by  2,  while  with  the  one-decimetre  tube  the  number  of 
degrees  represents  directly  the  percentage  of  sugar  in  the  urine. 
(For  full  details  of  the  process  see  p.  70.) 

If  albumin  is  present  it  must  first  be  removed  by  adding  a  drop  or 
two  of  acetic  acid  and  boiling  some  time,  or  before  boiling  adding  an 
equal  volume  of  saturated  sodic  sulphate  solution  in  addition  to  the 
acetic  acid ;  the  filtrate  is  ready  for  testing. 

The  estimations  by  circular  polarisation  do  not  always  agree 
with  those  obtained  by  Fehling's  method,  which  is  due  probably  to 
the  presence  of  other  bodies  allied  to  sugar. 
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Til.  Approxiniative  Estimation  from  the  Density  (Bouchardat). 
— Having  ascertaiiled  the  presence  of  sugar,  determine  the  density  of 
the  urine  exactly  with  a  urinometer,  and  ascertain  how  much  is 
passed  in  the  24  hours  ;  or  it  is  better  to  collect  the  whole  urine  passed 
in  that  time,  and  take  the  density  of  this.  Suppose  the  total  amount 
to  be  4  litres,  and  the  density  at  15°  =  1036.  An  approximation 
to  the  amount  of  solids  in  urine  is  obtained  (see  p.  412)  by  multiply- 
ing 36  by  2,  and  for  4  litres  this  would  be  36  x  2  x  4  =  288  grams 
solids;  and  taking  50  grams  as  the  average  weight  of  solids  of 
healthy  urine,  288  —  50  =  238  grams  of  sugar  would  accordingly  be 
present  in  the  4  litres  passed  in  the  24  hours.  As,  however,  the  urea 
as  well  as  some  of  the  other  urinary  constituents  are  also  greatly  in- 
creased in  diabetes,  this  estimation  can  only  be  regarded  as  a  very 
rough  approximation. 

If  in  the  determination  of  the  density  the  temperature  of  the 
urine  is  above  or  below  15°  (for  which  temperature  the  urinometer  is 
generally  graduated)  a  correction  must  be  made  as  follows  ; — 

Add  to  the  degree  obtained 
Temp. 

14° 0-2 

16^  .         .          .          .          .  0-2 

17° 0-4 

18° 0-6 

19°  .         .         .         .         .0-8 

20° 1-0 

21° 1-2 

22° 1-4 

23° 1-6 

24° 1-9 

25°  .         .         .         ...  2-2 


Subtract  from  the  degree  obtained 

Temp. 

0°io5°   .         .         .         .     1-3 

6° 

.     1-2 

"7° 

.     11 

8° 

.     10 

9° 

.     0-9 

10° 

.     0-8 

11° 

.     0-7 

12° 

.     0-6 

13° 

•  _ 

.     0-4 

This  method  serves  better  when  there  is  an  abundant  secretion  of 
urine  rather  than  when  it  is  comparatively  scanty. 

Pathology. — When  sugar  has  been  detected  with  certainty 
in  the  urine  the  next  important  step  is  to  ascertain  if  its 
presence  there  is  only  temporary  or  if  it  is  constant ;  then  it 
is  desirable  to  find  out  the  amount  daily  excreted  and  also  the 
quantity  of  fluid  discharged. 

Pei^manent  glycosuria  constitutes  diabetes  mellitus.  In 
this  disease  not  only  is  sugar  present  in  the  urine,  and  occasion- 
ally in  the  sweat  and  other  secretions,  but  there  is  generally 
also  an  increased  discharge  of  water,  urea,  and  phosphates,  the 
fixed  salts  like  sodium  chloride  and  the  like  being  generally 
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diminished,  while  less  carbonic  anhydride  is  expired  and  less 
oxygen  absorbed  than  in  health  (Vott).  While  heredity  seems 
to  be  a  prominent  factor,  mental  distress,  an  excessively  saccha- 
rine diet,  and  gout  appear  to  act  as  determining  causes.  In 
many  cases  where  the  quantity  of  urine  passed  is  small  there  is 
abundant  perspiration.  A  diminution  in  the  amount  of  sugar 
often  coincides  with  an  increase  in  the  phosphates  and  oxalates. 
The  albumin  sometimes  present  in  the  urine  is  frequently  an 
evidence  of  renal  disease  (Rayer),  its  amount  often  having 
been  observed  to  be  related  inversely  to  that  of  the  sugar 
(SCHMiTz).  The  muscular  weakness  that  is  often  present  is 
said  to  be  due  to  a  general  alteration  in  the  muscular  fibres, 
extending  even  to  the  cardiac  muscle.  Death  may  therefore  be 
due  not  only  to  diabetic  coma  and  acetona3mia,  but  also  to 
cardiac  weakness. 

Transitory  glycosuria,  on  the  other  hand,  may  show  itself 
in  the  early  stages  of  tetanus,  cerebrospinal  meningitis,  cases 
of  cerebral  apoplexy,  tumours  of  the  medulla  oblongata  and  of 
the  pia  mater,  particularly  in  the  fourth  ventricle  ;  in  chronic 
inflammatory  changes  in  the  calamus  scriptorius,  carcinoma  of 
the  pituitary  gland,  cerebral  softening  and  atrophy  of  the  grey 
substance  ;  in  myelitis,  general  paralysis,  and  sometimes  after 
epileptic  fits  or  direct  injury  by  blows  or  shocks  to  the  brain 
and  sympathetic,  and  occasionally  after  over-work;  in  some 
heart  and  lung  affections,  as  pneumonia  and  phthisis,  after 
paroxysms  of  whooping  cough  and  spasmodic  asthma  ;  occasion- 
ally in  cirrhosis  of  the  liver,  as  a  result  of  different  disturbances 
of  the  abdominal  circulation,  and  frequently  when  the  secretion 
of  the  mammary  glands  is  hindered  (Sinety)  ;  at  times  also 
when  carbuncles  are  present,  and  in  the  urine  of  pregnancy, 
cholera,  intermittent  fever,  gout,  and  Bright's  disease. 

Artificial  Production  of  Diabetes. — The  appearance  of  sugar  in 
the  urine  can  be  brought  about  by  puncturing  the  medulla  oblongata 
in  the  vasomotor  area,  a  little  above  the  point  of  the  calamus  scrip- 
torius  and  behind  the  corpora  quadrigemina,  but  for  this  to  be  success- 
ful the  olivary  fasciculi  should  be  injured  (Bernard).  The  same 
result  can  also  be  produced  by  puncturing  other  parts  of  the  nerve 
centres,  as  by  destroying  the  spinal  cord  at  the  origin  of  the  brachial 
nerves  and  opposite  the  second  dorsal  vertebra  (Schiff),  by  division 
of  the  sympathetic  in  the  thorax  ;  also  by  impeding  the  respiration 
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(Pavy),  or  injecting  different  bodies,  such  as  dilute  phosphoric  acid, 
much  1  per  cent,  sodic  chloride  solution,  inulin,  or  arterial  blood 
(Pavy),  into  the  portal  vein. 

Most  of  the  injuries  that  are  followed  by  sugar  in  the  urine 
appear  to  produce  hypersemia  of  the  liver.  Further,  sugar  may 
appear  in  the  urine  after  large  doses  of  strychnine,  morphia,  curara, 
chloral,  amyl  nitrite,  spirits  of  turpentine  (Almen),  deep  chloroform 
or  ether  narcosis,  carbonic  oxide  poisoning,  subcutaneous  injection  of 
nitrobenzol  or  nitrotoluol,  and  copious  ingestion  of  lactic  acid.  In 
arsenical  and  phosphorus  poisoning,  although  the  liver  becomes 
diseased  and  is  said  to  contain  no  glycogen,  yet  sugar  is  found  in  the 
urine.  Ligature  of  the  bile  ducts  also  causes  the  glycogen  to  disappear 
(Legg). 

Temporary  glycosuria  may  likewise  be  induced  by  an  alimentation 
too  rich  in  starch  and  sugar,  especially  after  long  abstinence  ;  and  this 
is  more  liable  to  occur  with  a  diminished  alkalinity  of  the  blood  and 
an  enfeebled  respiration;  an  injection  of  concentrated  solution  of 
sugar  of  milk  into  the  stomach  leads  to  the  same  result. 

The  reducing  body  found  in  the  urine  in  all  these  cases,  liowever, 
may  not  always  be  sugar. 

The  different  cases  given  above  of  transitory  glycosuria 
may,  from  their  nature  and  results,  be  classified  into — 

1 .  Terri'porary  or  incidental^  as  in  those  occurring  after  deep 
chloroform  narcosis,  after  excessive  ingestion  of  saccharine  and 
amylaceous  food,  in  asthma,  epilepsy,  and  in  the  convalescence 
of  cholera,  &c. 

2.  More  or  less  'permanent,  as  in  true  diabetes  :  (a)  flow 
of  urine  increased,  with  abundance  of  sugar,  and  associated  with 
thirst,  debility,  emaciation,  &c. ;  (5)  sugar  slight  or  consider- 
able, persistent  or  intermittent  in  its  appearance,  but  without 
any  serious  attendant  symptoms. 

Alkapton  and  pTjrocatechin  are  occasionally,  but  rarely,  present  in 
urine ;  they  give  some  of  the  same  reactions  as  sugar,  but  they  do 
not  reply  to  the  bismuth  or  fermentation  tests.  Alkapton  is  obtained 
by  precipitating  the  urine  with  acetate  of  lead,  filtering,  precipitating 
the filtiate with  basic  lead  acetate,  and  collecting  the  precipitate;  this 
precipitate  is  washed,    suspended  in  water,    and   decomposed   with 

ihydric  sulphide ;  the  filtrate  is  evaporated  to  dryness  and  extracted 
with  ether.  It  is  a  golden  yellow,  resinous  body,  very  deliquescent, 
and  soluble  in  water  and  spirit ;  it  becomes  bi'own  when  exposed  to 
the  air,  and  the  urine  containing  it  may  produce  brown  stains  on  linen. 
M  M 
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CHAPTER   XXIII. 

BILIARY  URINE. 

The  biliary  acids  being  generally  in  great  part  reabsorbed  and 
disposed  of  in  the  blood  under  normal  conditions,  most  pro- 
bably being  chiefly  oxidised  to  the  state  of  carbonic  acid  and 
water,  we  can  easily  imderstand  that  obstruction  to  the  escape 
of  the  bile  produces  a  greater  effect  from  the  retention  of  the 
pigments,  of  which  normally  so  much  is  excreted  with  the 
fgeces,  than  from  the  retention  of  the  biliary  acids ;  so  that  we 
may  only  expect  to  meet  with  them  when  there  is  a  hyper- 
secretion of  bile.  But  according  to  DiuCfENDORFF,  Nauyn,  and 
VoGEL  the  biliary  acids  in  minute  proportion,  as  well  as  traces 
of  the  pigments,  are  normal  constituents  of  urine  ;  but  they  are 
often  entirely  absent  (Hopfe  Seyler,  Kulz). 

The  amount  of  biliary  acids  excreted  is  very  slight,  for 
while  Ranke  calculated  that  about  10  grams  are  formed  in  the 
24  hours,  not  more  than  one-third  of  a  gram  has  been  found  in 
the  urine  passed  in  that  time  in  cases  of  jaundice.  Whether 
or  not  the  biliary  pigments  are  generally  present  is  doubtful, 
but  they  are  certainly  occasionally  present  in  the  urine  of 
healthy  persons  in  summer  time  (Scherer)  ;  in  jaundice  they 
are  a  common  constituent  of  the  urine,  while  in  intense  forms 
of  this  disease  they  may  be  present  in  all  the  fluids  of  the  body. 
Properties.  —The  urine  is  of  a  yellowish  brown  to  a  greenish 
tint,  the  colour  becoming  darker  on  exposure  to  the  air  ;  it 
froths  readily,  and  the  froth  is  of  a  characteristic  deep  yellow 
colour.  The  ingestion  of  santonin  and  chrysophanic  acid  give 
a  somewhat  similar  colour  to  the  urine. 

.  Tests.  A.  The  Biliary  Acids. — The  detection  of  the  biliary 
acids  is  much  more  difficult  than  that  of  the  pigments  ;  and 
the  presence  of  much  pigment,  of  oxidising  substances,  or  of 
albumin,  &c.,  interferes  with  Pettenkofer's  reaction. 

1.  Pettenkofer's  Test. — (a)  Shake  a  little  of  the  urine 
with  a  drop  of  syrup,  and  then  allow  the  sulphuric  acid  to  trickle 
down  the  side  of  the  inclined  test  tube.  Note  the  purple  band 
at  the  upper  margin  of  the  acid. 


k 


BILIARY   URINE,  531 

The  sulphuric  acid  raust  not  contain  sulphurous  acid,  and 
the  temperature  must  not  be  allowed  to  rise  much  above  38°  C. ; 
albumin  also  must  be  separated  if  present.  The  presence  of 
different  essential  oils  may  produce  the  same  coloration  (see 
p.  209). 

(6)  Dissolve  a  little  cane  sugar  in  the  urine  and  dip  into  it 
a  piece  of  filter  paper,  which  is  then  removed  and  left  to  dry. 
A  drop  of  strong  sulphuric  acid  is  added  to  this  by  means  of  a 
glass  rod,  and  in  a  quarter  of  a  minute  a  violet  red  spot  gene- 
rally shows  itself.     The  method  is  delicate  (Strassburg). 

(c)  The  froth  test  may  also  be  applied  (Charles).  See 
p.  202. 

2.  It  is  always  advisable,  in  case  of  doubt,  to  isolate  the 
biliary  acids  before  applying  the  tests. 

{a)  HoppE  Seyler  thus  proceeds  :  Precipitate  the  urine  with 
acetate  of  lead  and  a  little  ammonia,  wash  the  precipitate  on  a  filter 
with  water,  and  then,  having  boiled  it  with  alcohol,  filter  hot. 
The  hot  alcohol  dissolves  the  lead  salts  of  the  biliary  acids.  This 
hot  filtrate  is  treated  with  some  drops  of  carbonate  of  soda  solution 
and  evaporated  to  dryness  over  a  water  bath  :  the  rcvsidue  is  extracted 
with  boiling  absolute  alcohol ;  this  last  extract  is  to  be  collected  in 
a  closed  flask,  and  a  little  ether  added,  the  alcoholic  solution  being 
first  concentrated  to  a  small  volume  if  necessary.  A  resinous  precipi- 
tate soon  falls,  which  may  become  crystalline  if  allowed  to  stand  long 
enough  under  ether,  but  a  solution  of  the  resinous  precipitate  serves 
for  the  tests. 

(h)  Another  plan  of  isolation  is  Salkowski's.  The  urine  is  first 
evaporated  and  the  residue  extracted  with  spirit,  the  spirituous 
extract  diluted,  and  the  precipitate  taken  up  again  with  absolute 
alcohol.  By  diluting  the  last  alcoholic  extract  a  precipitate  is  again 
obtained,  which  is  to  be  dissolved  in  water  and  treated  with  acetate 
of  lead  and  a  little  ammonia,  as  in  Hoppe  Seyler's  process. 

(o)  Evaporate  the  urine,  treat  the  residue  with  alcohol,  and 
evaporate  the  alcoholic  filtrate.  A  few  drops  of  water  are  then 
rubbed  up  with  the  dried  extract,  and  a  solution  of  sugar  in  water 
(1  in  3)  mixed  with  it.  Strong  sulphuric  acid  is  next  added  drop  by 
drop,  and  a  purple  colour  will  soon  appear,  which,  however,  quickly 
fades.  Too  much  water  and  a  temperature  above  60^  interfere  with 
the  reaction. 

(d)  Hoppe's  Method. — Treat  the  suspected  urine  with  excess  of 
milk  of  lime  and  boil  for  half  an  hotir  or  so ;  filter,  evaporate  the 

M  ^i  2 


533  EXCRETA:    THE  F.ECES  AND    URINE. 

filtrate  nearly  to  dryness,  add  excess  of  hydrochloric  acid,  and  boil 
for  another  half-hour,  adding  fresh  acid  from  time  to  time.  Dilute 
when  quite  cold  with  five  to  six  times  its  volume  of  water,  -filter,  and 
wash  the  resinous  mass  obtained,  which  is  then  to  be  dissolved  in 
absolute  alcohol,  treated  with  animal  charcoal,  again  filtered,  and  the 
filtrate  evaporated  to  dryness.  Choloidic  acid,  a  derivative  of  the 
biliary  acids  through  cholic  or  cholalic  acid,  is  thus  obtained.  It  is 
dissolved  in  a  little  caustic  soda  and  warm  water,  a  drop  or  two  of 
syrup  added,  and  a  few  drops  of  sulphuric  acid  allowed  to  trickle 
slowly  into  the  mixture  :  a  dark  violet  colour  is  produced. 

B.  The  Biliary  Picpnents, — The  urine  must  not  be  allowed 
to  decompose  before  the  examination  for  pigments  is  made  ; 
otherwise  hydrobilirubin  may  have  replaced  the  bilirubin  or 
biliverdin. 

1.  Gmelin's  Test,  which  depends  on  the  play  of  colours 
produced  by  the  oxidation  of  the  p)igment  by  means  of  nitric 
acid,  can  be  performed  after  many  methods. 

(a)  That  commonly  employed  is  to  spread  a  few  drops  of  the  urine 
on  a  white  plate,  and  then  to  bring  a  drop  or  two  of  yellow  nitric  acid 
in  contact  with  the  margin  of  the  thin  layer  of  urine  or  into  its 
middle  :  the  play  of  colours  that  appears  at  the  point  of  contact  com- 
mences with  green  and  ends  with  red  and  yellow. 

The  nitric  acid  should  contain  a  little  nitrous  acid,  which  is  easily 
effected  by  heating  it  with  a  piece  of  stick  or  a  fragment  of  sugar ;  but 
too  much  nitrous  acid  is  to  be  avoided. 

(b)  Pour  some  strong  yellow  nitric  acid  into  a  test  tube,  and  let 
the  urine  trickle  down  the  side  of  the  tube  upon  it ;  a  green  band  first 
appears  at  tha  point  of  contact  of  the  two  fluids,  which  extends  higher 
and  higher,  and  is  succeeded  inferiorly  by  a  blue,  a  reddish  violet,  and 
a  yellow  layer,  and  of  these  the  green  and  the  red  are  most  character- 
istic (KiJHNE). 

(c)  After  filtering  the  urine  pour  the  nitric  acid  over  the  inner 
side  of  the  filter  :  the  play  of  colours  is  well  marked.  If  the  filter  is 
allowed  to  dry  the  reaction  succeeds  better.  Merely  dipping  the  filter 
paper  in  the  urine  produces  less  intensity  of  colour  (Rosenbach). 

(d)  Mix  the  urine  with  very  dilute  nitric  acid,  and  then  let  strong 
sulphuric  acid  run  down  the  side  of  the  test  tube  :  the  coloured  rings 
spread  from  the  upper  surface  (Brucke). 

(e)  Add  a  little  albumin  to  the  urine  before  the  nitric  acid  :  the 
albumin  is  precipitated  of  a  dull  green  or  bluish  colour  (Heller). 

(/)  Tested  with  an  alcoholic  solution  of  bromine  (5  per  cent.)  and 
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with  aqueous  chloric  and  iodic  acids  (20  per  cent.),  three  stages  of 
coloration  are  obtained — green,  blue,  and  violet — after  which  there 
ensues  a  change  of  colour  to  reddish,  yellow,  and  finally  decoloration. 

Fallacies  of  Gmelin's  TesL — The  presence  of  alcohol  and 
indican  may  give  indications  that  are  liable  to  be  mistaken  for 
those  of  bile,  but  note  that  with  indican  only  red  and  violet 
zones  will  show  themselves,  while  with  bile  pigment,  unless 
the  solution  i^  very  dilute,  the  zones  are  all  present  in  the 
order  already  given,  green  appearing  first.  To  avoid  any  diffi- 
culty from  indican  add  to  a  little  of  the  urine  some  drops  of  a 
solution  of  potassic  nitrite  and  a  few  drops  of  sulphuric  acid : 
a  beautiful  green  colour  is  produced  by  traces  of  bile;  but  the 
colour  rapidly  disappears,  becoming  yellow. 

2.  If  a  solution  of  violet  of  meihylanilin  is  poured  into 
normal  urine,  a  blue  ring  will  be  formed  at  the  surface  of  the 
liquid,  but  if  the  urine  is  icteric  the  ring  is  of  an  intense 
carmine  colour.  This  only  occurs  with  icteric  urine,  and  not 
with  normal  urine  to  which  bile  has  been  added,  nor  with  urine 
containing  other  colouring  principles  (Paul). 

,3.  Sometimes  bile  pigment  may  be  present  in  urine,  and 
yet  not  give  the  colour  reaction  ;  this  is  more  frequently  the 
case  with  the  urine  of  patients  whose  temperature  has  con- 
tinued high  for  some  time  (Pkussak).  In  such  urines  we 
therefore  require  to  separate  the  pigments  before  testing. 
This  may  be  effected  by  one  of  the  following  processes,  to  one 
of  which  in  cases  of  doubt  it  is  advisable  to  have  recourse,  as 
by  doing  so  we  avoid  any  mistake  from  the  presence  of  methse- 
moglobin,  urobilin,  or  indican,  &c. : — 

(a)  Precipitate  the  urine  with  milk  of  lime  and  transfer  a  piece 
of  the  precipitate,  the  size  of  half  a  hazel  nut,  to  a  test  glass  ;  wash  it 
here  several  times  with  water  to  remove  any  indican  that  may  be 
present;  then  half  fill  the  tube  with  absolute  alcohol  and  render 
distinctly  acid  with  dilute  sulphuric  acid.  It  is  next  warmed  and 
filtered,  and  on  boiling  the  filtrate  the  biliary  pigment  Avill  show  itself 
by  the  appeai'ance  of  a  dark  green  to  a  blue  coloration,  though  in 
some  cases  it  remains  yellow  or  greenish  yellow  (here  choletelin  only 
may  be  present  (Heynsius),  so  we  must  acidify  with  hydrochloric  acid 
and  examine  spectroscopically).  The  bilirubin  is  precipitated  by  the 
lime,  from  which  combination  it  is  liberated  by  the  sulphuric  acid, 
and  is  then  dissolved  up  by  the  acidulated  alchohol  (Huppert). 
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(b)  HOPPE  Seyler  precipitates  with  milk  of  lime  as  above,  but 
to  effect  complete  precipitation  he  passes  a  current  of  carbonic  acid 
through  the  liquid.  The  precipitate  is  let  stand  several  hours,  then 
collected  on  a  filter  and  shaken  up  in  some  water  to  which  chloroform 
and  acetic  acid  have  been  added.  The  cliloroform  solution  is  either 
yellow  or  green,  according  to  the  excess  of  bilirubin  or  of  biliverdin, 
and  to  it  Gmelin's  test  can  be  applied. 

(c)  Salkowski  proceeds  thus  :  Render  the  urine  alkaline  with  a 
little  sodic  carbonate,  and  add  calcium  chloride  solution  drop  by  drop 
and  with  re}>eated  shaking  until  the  supernatant  liquid  is  of  the 
colour  of  normal  urine.  Collect  the  gelatinous  precipitate,  wash  it 
well,  and  having  transferred  it  to  a  small  flask,  cover  it  with  alcohol, 
and  dissolve  it  by  shaking  well  with  a  little  hydrochloric  acid.  On 
boiling  the  clear  solution  it  will  become  of  a  green  to  a  blue  colour, 
changing  to  a  violet  or  red  on  the  addition  of  nitric  acid. 

(d)  The  pigments  may  be  precipitated  with  basic  lead  acetate,  tlie 
precipitate  decomposed  with  hydric  sulphide,  then  washed  with  water, 
and  the  pigments  finally  extracted  with  chloroform. 

(e)  An  easy  method,  which  succeeds  often  when  the  urine  gives  no 
evident  reaction  of  biliary  pigment,  is  to  place  the  nrine  in  a  freezing 
mixture  for  some  time  until  the  urates  have  separated,  then  to  collect 
these  on  a  filter  and  dissolve  them  in  hot  water;  this  solution  will 
give  the  characteristic  pigment  reaction. 

if)  Acidify  a  large  quantity  of  the  urine  with  a  little  acetic  acid, 
and  then  shake  it  up  well  with  chloroform  added  a  little  at  a  time ; 
allow  the  urine  to  stand  and  decant  the  supernatant  chloroform, 
which  can  be  used  to  extract  fresh  quantities  of  urine  until  it  is  well 
coloured.  The  chloroform  is  next  thrown  on  a  filter  and  washed 
with  water;  it  pas.ses  through,  and  even  with  traces  of  bilirubin 
presents  a  yellow  colour.  Test  portions  of  this  chloroform  extract  as 
follows  : — 

(1)  By  shaking  with  carbonate  of  soda  we  obtain  an  alkaline 
solution  of  the  pigment,  to  which  the  ordinary  nitric  acid  test  may  be 
applied,  or  the  chloroform  solution  may  be  tested  directly. 

(2)  Dilute  the  chloroform  solution  or  evaporate  a  little  on  a  slide, 
and  bilirubin  will  be  obtained  in  micj'oscopic  crystals.  The  colour 
reaction  can  also  be  well  seen  under  the  microscoj)e  by  treating  the 
crystalline  residue  with  nitric  acid. 

(3)  Carefully  pour  a  few  drops  of  yellow  nitric  acid  over  a  little 
of  the  chloroform  exti-act  in  a  test  glass :  the  play  of  colours  is 
seen. 

(4)  Treat  with  ozonised  spirits  of  turpentine  or  with  a  trace  of 
watery  solution  of  iodine  in  potassic  iodide  :  a  green  colour  appears. 
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(5)  Shake  a  little  some  time  with  caustic  potash,  and  a  greenish 
solution  of  biliverdin  is  obtained. 

(6)  The  addition  of  strong  sulphuric  acid  gives  a  green  coloration. 

(7)  Treat  a  little  with  bromine  water,  and  a  series  of  coloured 
rings  will  be  formed. 

{g)  By  shaking  the  urine  with  ether  the  latter  is  coloured  yellow. 
Pour  this  ether  into  a  test  tube  and  hold  it  over  the  mouth  of  a  flask 
filled  with  strong  bromine  water  :  the  ether  will  gradually  assume  a 
blue  colour. 

Pathology. — The  presence  of  the  biliary  acids  in  urine  has 
been  denied  by  several  chemists,  but  HOPPE  Seyler  has  found 
them  in  more  than  30  cases  of  jaundice,  a  fact  which  has  so 
frequently  been  substantiated  since  that  we  may  look  on  it  as 
proved.  But  undoubtedly  to  obtain  characteristic  evidence 
of  their  presence  in  urine  they  must  first  be  separated.  These 
biliary  acids  are  present  and  increased  in  some  cases  of  jaundice 
and  acute  atrophy  of  the  liver,  and  occasionally  in  pneumonia ; 
but  their  presence  or  absence  is  not  of  so  great  importance  as 
some  authors  (Harley,  &c.)  have  supposed,  although  their 
presence  may  at  least  indicate  an  accumulation  of  them  in  the 
blood,  and  consequently,  if  excessive,  a  tendency  to  paralysis  of 
the  nerves,  particularly  those  of  the  heart  (Eitter,  &c.) 

The  biliary  pigments  in  excess  will  accompany  the  biliary 
acids  after  obstruction  of  the  bile  ducts,  and  especially  when 
the  jaundice  coincides  with  acute  inflammation  or  atrophy  of 
the  liver ;  in  certain  disturbed  states  of  nutrition  also,  as  in 
starvation,  diabetes,  and  after  phosphorus  poisoning  and  snake- 
bite, both  bodies  may  present  themselves  in  the  urine,  but  with 
the  pigments  biliverdin  and  biliprasin  generally  predominating 
(Vogel). 

If  the  liver  is  at  all  inactive  in  its  functions,  from  disease  or 
otherwise,  it  can  easily  be  seen  that  an  accumulation  of  pig- 
ment is  likely  to  occur.  This  retention  of  pigment  is  often 
to  be  seen  in  degenerative  changes  of  the  liver  and  weakening 
of  its  blood  stream ;  as  the  result  of  the  ingestion  of  ether, 
chloroform,  or  arseniuretted  hydrogen ;  also  in  severe  infective 
diseases,  as  in  typhus,  malaria,  pyaemia,  septic  poisonings,  and 
multiple  abscess  of  the  liver. 

The  different  forms  of  jaundice  may  be  classified  according 
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to  their  origin  into  absorption,  aspiration,  and  suppression 
icterus,  together  with  what  has  been  called  blood  icterus. 

1.  By  a  closure  of  the  bile  ducts  the  bile  accumulates,  followed  by 
its  reabsorption  [absorption  icterus).  This  may  occur  in  catarrhal 
jaundice,  carcinoma  of  the  liver,  nutmeg  and  syphilitic  liver,  cirrhosis 
of  the  liver,  closure  of  the  ducts  by  calculi,  &c. 

2.  In  other  cases  a  sinking  of  the  blood  pressure  in  the  liver  leads 
to  the  same  result  ias2nration  ictej-us),  as  in  pylephlebitis  and  icterus 
neonatorum.  The  reabsorption  may  arise  either  from  diminished 
'pressure  in  the  blood  vessels,  as  in  this  form  of  jaundice,  or  from 
increased  pressure  in  the  bile  ducts,  as  in  jaundice  from  absorption. 

3.  The  term  suppression  icterus  is  applied  to  the  jaundice  due  to 
the  cessation  in  the  production  of  the  biliary  constituents  in  the  liver 
and  their  accumulation  in  the  blood  through  a  deficient  excretion. 

4.  In  the  form  of  jaundice  to  which  Virchow  has  applied  the 
term  blood  icterus  there  appears  to  be  an  increased  decomposition  of 
the  corpuscles  and  a  liberation  of  haemoglobin,  which  forms  the  source 
of  a  greatly  increased  production  of  bilirubin.  From  hfcmoglobin  is 
derived  the  hsematoidin  of  old  extravasations,  and  this  latter  body  is 
regarded  as  identical  with  bilirubin  (Jaffe,  Heidenhain).  A  solution 
of  hfemoglobin  injected  into  the  blood  causes  jaundice  and  a  separation 
of  biliary  pigment  in  the  urine.  Injection  also  of  bodies  that  tend  to 
dissolve  the  corpuscles,  such  as  water,  ether,  chloroform,  and  biliary 
acids,  effects  the  same  thing. 


CHAPTER   XXIV. 

MUCUS  AND  PUS;    CHYLURIA. 


Mucus  in  small  quantity  is  a  common  constituent  of  the 
normal  urine,  forming  a  foint,  flocculent,  transparent  cloud  that 
deposits  after  a  time. 

Vesical  ttiucus  is  semitransparent  and  rich  in  corpuscles 
and  epithelium,  and,  if  the  urine  is  alkaline,  also  in  oxalate  of 
lime  and  triple  phosphate  crystals.  It  is  frequently  found  in 
urinary  sediment  and  must  not  be  confounded  with  albumin ; 
nor  must  the  long  cylinders  or  filaments  of  mucus  that  are 
often  to  be  met  with  be  mistaken  for  urinary  casts. 

MUCUS  is  precipitated  by  the  mineral  acids,  but  it  is  soluble 
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in  excess.  It  differs  from  pus  in  not  being  precipitated  by 
neutral  acetate  of  lead,  which  precipitates  the  pyin  of  pus. 

To  detect  it  in  urine  treat  a  portion  of  that  fluid  with  twice 
its  volume  of  alcohol  (95  per  cent.),  filter  off  the  precipitate, 
and  wash  it  in  water.  The  urine  is  also  rendered  slightly 
cloudy  by  the  addition  of  acetic  acid,  in  which  mucin  is  not 
soluble.  A  simple  filtration  of  urine  will  not  remove  all  the 
mucus,  as  nriucin,  it  should  be  remembered,  is  soluble  in  a 
large  quantity  of  water  as  well  as  in  a  slight  excess  of  the 
mineral  acids. 

To  deterTYhine  its  amount  dilute  the  urine  (about  300  grams) 
with  twice  its  volume  of  water  and  acidify  strongly  with  acetic 
acid ;  then  cool  to  5°  or  6°,  filter,  and  wash  the  precipitate  with 
a  little  dilute  acetic  acid.  It  can  thus  be  separated  from 
albumin  ;  but  if  any  pus  or  blood  is  present  redissolve  the 
precipitate  in  water  slightly  acidulated  with  hydrochloric  acid, 
and  saturate  the  solution  exactly  with  caustic  soda ;  then  re- 
precipitate  the  mucin  by  adding  a  few  drops  of  acetic  acid,  and 
weigh  it  on  a  tared  filter  after  it  has  been  washed  with  alcohol 
and  ether  and  dried. 

The  thick  glairy  deposit  occasionally  formed  by  pus  must 
not  be  mistaken  for  mucus.  In  the  former  case  the  urine  is 
alkaline  and  crystals  of  triple  phosphate  are  present.  Mucus 
is  specially  abundant  in  catarrh  or  inflammation  of  the  bladder 
or  urethra ;  numerous  imperfectly  formed  mucus  cells  are  then 
present  with  much  epithelium. 

PUS  may  show  itself  in  the  urine  in  very  small  amount  or 
as  a  bulky  deposit  resembling  urates.  The  urine  containing  it 
is  generally  turbid  when  voided,  and  it  soon  deposits  a  dense 
yellowish  white  sediment.  Some  time  after  the  urine  has  been 
passed  the  pus  often  assumes  a  slimy,  ropy,  viscid,  and  tenacious 
character,  swelling  out  against  the  sides  of  the  vessel,  and 
capable  of  being  drawn  out  into  long  tough  strings.  This 
ropiness  is  generally  due  to  the  action  upon  it  of  ammonia 
developed  by  the  decomposition  of  urea.  The  same  thing  can 
also  be  effected  by  the  addition  of  caustic  potash.  This  reagent 
serves  at  the  same  time  to  distinguish  it  from  pale  urates, 
which  are  thus  dissolved. 

When   examined  undei'  the    microscope    the    corpuscles 
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appear  as  little  granular  globules,  varying  somewhat  in  appear- 
ance with  the  reaction  of  the  urine  ;  they  are  cleared  up  by 
dilute  acetic  acid,  a  folded  or  cleft  tripartite  nucleolated  nucleus 
corning  into  view  at  the  same  time.  Blood  corpuscles  and  triple 
phosphate  crystals  may  also  be  present,  and  croupous  shreds, 
especially  after  irritant  diuretics. 

Source  of  the  Pus. — Pus  may  appear  in  the  urine  in  renal 
embolism,  renal  abscesses,  suppuration  of  the  pelvis  of  the 
kidney,  discharge  of  pus  from  pelvic,  perinephritic,  and  other 
abscesses,  inflammation  or  cancer  of  the  bladder,  and  suppura- 
tion of  the  prostate  or  urethra.  In  women  the  pus  may  have 
a  vaginal  origin  and  be  due  to  leucorrhoea. 

The  character  of  the  admixed  cells  should  be  carefully  ascer- 
tained, and  the  way  in  w^hich  the  pus  comes  away  should  be 
noted — whether  more  abundant  at  the  beginning  of  the  act 
of  micturition,  as  in  urethral  disease,  or  towards  the  end, 
as  in  cystic  disease.  When  the  pus  comes  from  the  kidney 
the  urine  is  generally  acid  when  passed,  but  when  it  is 
derived  from  the  bladder  the  reaction  is  usually  ammoniacal, 
especially  if  the  suppuration  is  of  old  standing.  In  vesical  pus 
too  blood,  if  present,  is  mixed  up  with  the  mucus  and  pus, 
while  in  renal  suppuration  the  blood  lies  usually  on  the  top  of 
the  pus. 

Albumin  can  always  be  detected  in  the  urine  if  much  pus  is 
present,  as  by  boiling,  precipitation  with  mercuric  chloride,  acetic 
acid  and  potassic  ferrocyanide,  but  generally  only  a  haziness  on 
the  addition  of  nitric  acid.  It  is  therefore  sometimes  a  matter  of 
difficulty  to  decide  as  to  its  origin,  for  albumin  may  be  present  also  as 
a  result  of  kidney  disease.  The  diagnosis  must  here  depend  on  the 
amount  of  the  albumin  relative  to  the  quantity  of  pus,  on  the 
presence  of  casts,  calculi,  crystalline  deposits,  &c. 

CHYLURIA. — In  this  condition  a  milky  and  fat-holding 
urine  is  excreted.  The  quantity  and  sp.  gravity  of  the  urine 
remain  about  normal,  the  colour,  however,  being  milky  white  to 
yellowish  red,  the  reaction  neutral  or  weakly  acid,  but  easily 
becoming  alkaline  ;  on  stiinding  a  white  layer  may  accumulate 
on  the  surface,  or  a  coagulum  may  show-  itself.  The  white 
supernatant  layer  consists  of  very  finely  divided  fatty  particles, 
as  can  be  shown  with  ether  and  acetic  acid ;  and  in  the  sediment 
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a  few  lymph  cells  or  blood  corpuscles  may  be  met  with.  The 
presence  of  fine  embryonic  worms  {filaria  sanguinis)  was  dis- 
covered by  Lewis  not  only  in  the  urine,  but  also  in  the  blood 
and  the  tissue  of  the  kidney. 

Some  have  maintained  the  existence  of  abnormal  communi- 
cations between  the  lymphatic  vessels  and  the  urinary  passages. 
The  blood  has  also  been  seen  to  be  very  rich  in  fine  free  mole- 
cules (Scriba),  which  are  said  to  find  a  passage  through  the 
membrane  of  the  glomerulus. 

Very  characteristic  is  the  alteration  often  presented  by  the 
urine,  the  chylous  aspect  occasionally  disappearing  and  re- 
appearing very  rapidly. 

In  addition  to  the  ordinary  urinary  constituents,  fat,  lecithin, 
cliolesterin,  and  albumin  have  been  obtained  in  chylous  urine.  The 
fat  is  generally  under  1  per  cent.,  though  more  may  be  present. 
Different  observers  have  also  detected  the  presence  of  small  quantities 
of  glycerophosphoric  acid,  peptone,  sugar,  phenol,  and  indican  in 
different  specimens.  Fat  and  fatty  matters,  it  may  be  said,  are  ex- 
tremely rare  in  the  urine  ;  but,  in  addition  to  chyluria,  an  admixture 
of  a  large  quantity  of  pus  with  the  urine  may  lead  to  their  presence ; 
fat  is  also  occasionally  present  in  fatty  degeneration  of  the  kidney  and 
in  acute  phosphorus  poisoning,  but  rarely  in  fatty  degeneration  of 
the  epithelial  cells  of  the  urinary  passages. 

To  separate  fatty  bodies  from  urine  a  large  quantity  of  this  fluid 
is  treated  with  ether,  with  which  it  is  well  shaken,  then  rendered 
alkaline  with  caustic  soda,  and  again  shaken  up  with  more  ether ;  this 
ethereal  extract  is  distilled  and  the  residue  taken  up  in  pure  ether. 
The  amount  may  be  determined  in  this  way  by  weighing  the  residue 
of  the  last  ethereal  extract. 

The  presence  of  cholesterin  in  this  residue  may  easily  be  recog- 
nised by  shaking  it  up  with  an  alcoholic  solution  of  caustic  potash  and 
then  with  ether,  which  latter  dissolves  the  cholesterin  and  only  a 
little  of  the  soap  formed.  By  evaporating  the  last  extract  we  obtain 
the  characteristic  thin  rhombic  tables,  to  which  the  tests  for  cholesterin 
can  be  applied. 
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CHAPTER   XXV. 

ADDITIONAL  ABNORMAL    CONSTITUENTS. 

Excretion   by   the    Kidneys   op  many    Organic   and  Inorganic 
Substances,  and  the  Mode  of  Detecting  some  op  Them. 

A  sulphocyanide  is  said  to  be  present  in  the  urine  of  smokers. 
Sulphuretted  hydrogen  has  been  noticed  in  cases  of  tuber- 
culosis, variola,  cancer,  and  enlargement  of  the  bladder.  Lactic 
acid  has  been  met  with  in  acute  atrophy  of  the  liver,  and  in 
leukaemia,  rickets,  osteomalacia,  and  trichinosis ;  sarcolactic 
acid  in  acute  phosphorus  poisoning.  Such  fatty  acids  as 
formic,  propionic,  and  butyric  have  likewise  been  observed. 

A  great  many  bodies  when  taken  are  excreted  by  the 
kidneys  almost  unaltered,  while  others  may  be  only  slightly 
changed. 

I.  Inorganic  Substances. 

1.  The  neutral  alkali  salts,  as  the  chlorides,  bromides,  and 
iodides,  appear  unaltered  in  the  urine. 

2.  The  alkaline  carbonates  diminish  the  acidity  of  the 
urine,  or  render  it  alkaline.  The  carbonate  of  ammonia  appears 
as  urea,  and  does  not  influence  the  reaction.  Salts  of  coisium, 
rubidiu7n,  lithium,  &c.,  also  appear  quickly  in  the  urine ; 
likewise  potassic  ferrocyanide. 

3.  The  alkaline  earths  are  discharged  in  the  urine  only  in 
small  proportion. 

4.  Salts  of  the  heavy  metals,  as  of  lead,  copper,  mercury, 
antimony,  and  iron,  and  arsenious  and  arsenic  acids  pass  into 
the  urine  only  in  small  amount.  The  excretion  of  lead  salts  is 
favoured  by  the  administration  of  potassic  iodide.  Prolonged 
use  of  salts  of  silver  leads  to  a  deposition  of  the  metal  in  the 
glomeruli  of  the  kidney,  as  well  as  in  the  rete  Malpighii  of  the 
skin. 

5.  The  acids  appear  as  neutral  salts. 

6.  Iodine  appears  as  iodide,  sulphur  as  a  sulphate. 
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II.  Organic  Substances. 

1.  Alcohol.^  unless  ingested  in  large  amount,  is  generally 
completely  oxidised,  only  traces  appearing  in  the  urine 
(Heubach,  Binz). 

2.  After  long  administration  of  chloroform  the  urine  be- 
comes possessed  of  strong  reducing  properties,  and  urochloralic 
acid  is  found  in  it.  The  sodium  salt  of  this  latter  body 
crystallises  best,  and  has  the  formula  CgHjgClgNaOy ;  this  acid 
appears  to  be  a  homologue  of  Jaffa's  uronitrotoluic  acid. 
Chloral  also  appears  as  urochloralic  acid,  the  urine  reducing 
sugar  and  polarising  to  the  left. 

3.  The  organic  acids  are  generally  oxidised,  and  their 
alkaline  salts  render  the  urine  alkaline ;  but  gallic,  pyrogallic, 
picric,  and  hippuric  acids  are  very  slightly  changed  ;  tannic 
appears  as  gallic  acid,  benzoic  as  hippuric. 

4.  The  amido-acids  go  in  part  to  form  urea. 

5.  Uric  acid  appears  as  allantoin  and  urea,  or  as  carbonic 
anhydride,  oxalic  acid,  and  urea. 

6.  The  different  vegetable  'pigments,  and  the  odorous 
^principles  of  valerian,  assafoetida,  castor,  saffron,  and  turpentine 
appear  in  the  urine. 

7.  The  alkaloids,  as  quinine,  morphia,  strychnia,  &c.,  pass 
over  in  great  part  unoxidised  into  the  urine. 

8.  Of  aromatic  bodies,  such  as  the  benzols  and  the  like, 
some  undergo  simple  oxidation,  others  reduction,  and  others 
again  effect  combinations  with  glycocin  in  the  organism. 
Benzol  appears  as  phenol  and  phenol  sulphuric  acid ;  cai'bolic 
acid  as  phenol  sulphate,  hydrochinon,  and  brenzcatechin. 
When  phenol  in  any  form  is  administered  to  a  patient  internally 
the  whole  amount  may  appear  in  the  urine,  sometimes  causing 
it  to  assume  a  greenish  brown  colour,  especially  in  cases  of 
poisoning;  the  colour,  however,  is  not  proportional  to  the  phenol 
present.  An  absorption  of  phenol  takes  place  when  applied  to 
the  uncut  skin  as  well  as  after  operations,  a  precipitate  of 
coagulated  albumin  sometimes  separating  in  the  latter  cases  on 
distilling  the  urine.  In  passing  through  the  organism  it  is 
capable  of  combining  with  sulphuric  acid,  forming  an  ethereal 
sulphate,  which  is  afterwards    eliminated    by  the  urine  as  a 
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potassic  or  sodic  salt.  In  the  urine,  especially  of  herbivora,  it 
is  constantly  present,  and  it  is  possible  that  it  has  its  source 
here  in  the  decomposition  of  tyrosin. 

Glycocin,  leucin,  and  sarcosin  appear  as  urea ;  indol  as 
indican ;  hreatin  as  kreatinin ;  and  thein,  theohroTiiin,  alloxan- 
tin,  and  allantoin  as  urea.  Most  of  these  changes  are  analytical 
as  well  as  synthetical,  water  being  eliminated,  and  the  requisite 
oxygen  supplied  from  the  blood.  Blood  containing  hippuric 
acid  passed  through  a  pig's  or  dog's  kidney,  when  the  renal  artery 
is  tied,  gives  rise  to  benzoic  acid,  the  change  being  due  to  a 
soluble  ferment  or  'histozym '  and  not  to  the  action  of  bacteria 
(Schmiedeberg). 

Methods  for  Detecting  some  of  these  Heterogeneous  Elements 

{after  Salkowski,  d-c.) 

Potassic  Iodide. — Add  some  drops  of  fuming  nitric  acid,  then  a 
few  c.c.  of  chloroform,  and  shake  well :  the  iodine  is  liberated  and 
gives  to  the  chloroform  a  violet  tint. 

Potassic  Bromide. — If  much  is  present,  on  heating  the  urine  as  in 
the  case  of  the  iodide,  the  chloroform  will  attain  a  yellow  colour. 

Lithia. — Evaporate  the  urine  to  dryness  and  incinerate  the  resi- 
due on  a  platinum  crucible  ;  treat  this  with  water  and  a  drop  or  two 
of  hydrochloric  acid,  and  evaporate  the  extract  obtained  ;  this  last 
residue  is  to  be  exhausted  with  strong  alcohol,  this  diluted,  and  a 
clean  platinum  wire  inserted  in  it  and  then  placed  in  the  colourless 
flame  of  a  Bunsen  lamp  :  a  purple  red  colour  will  be  given  to  the 
flame,  and  on  spectroscopic  examination  a  carmine  red  line  will  be 
seen  at  b  and  a  second  between  c  and  D. 

Chloroform  (CHCI3). — Draw  a  stream  of  air  through  the  mode- 
rately warmed  urine,  and  then  through  a  red-hot  porcelain  tube  filled 
with  fragments  of  porcelain,  and  finally  through  a  set  of  Liebig's 
potash  bulbs  containing  silver  nitrate  solution  acidified  with  nitric 
acid.  The  chloroform  is  decomposed,  and  the  hydrochloric  acid  gas 
generated  is  precipitated  by  the  silver  solution. 

When  the  freshly -passed  urine  is  boiled  with  an  alcoholic  potash 
solution  and  anilin  a  penetrating  and  characteristic  smell  is  evolved  : 
CHCl3-l-3KHO-|-C6H,NH2=3H20-f-3KCl-FC6H,NC. 

Chloroform  may  also  be  detected  by  proceeding  as  in  the  next 
paragraph 

Iodoform  (CHI3). — Distil  the  urine  with  steam  until  51)  c.c.  have 
passed  over ;  then   mix  the  distillate  with  a  little  potash   ley  and 
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shake  it  with  ether  in  a  tap  funnel ;  the  ethereal  solution  is  evapo- 
rated to  dryness,  the  residue  treated  with  absolute  alcohol,  and  the 
alcoholic  solution  tested  by  pouring  it  into  a  short  test  tube  in  the 
bottom  of  which  is  a  very  little  alkali  phenate ;  cautiously  heat  the 
mixture  over  a  small  flame,  and  in  a  few  seconds  a  red  deposit  appears 
that  dissolves  with  a  crimson  colour  in  a  few  drops  of  dilute  alcohol. 

Phenol  (CjjHgO). — Acidulate  the  urine  with  sulphuric  acid  and 
distil;  test  the  distillate  with  ferric  chloride,  which  gives  a  blue 
colour,  or  with  bromine  wate?*,  which  gives  a  white  crystalline  pre- 
cipitate of  tribromophenol. 

Salicylic  Acid  (C7H6O3). — Shake  about  30  c.c.  of  urine,  that  has 
been  acidified  with  sulphuric  acid,  with  an  equal  volume  of  ether; 
then  decant  the  ether  and  treat  it  with  a  little  ferric  chloride,  when  a 
violet  colour  appears.  If  much  salicylic  acid  is  present  the  blue 
colour  may  be  obtained  by  testing  the  urine  directly.  The  presence 
of  free  mineral  acids  in  any  quantity  hinders  or  prevents  the  reaction  ; 
organic  acids  also  hinder,  but  to  a  less  extent.  Pagliani  therefore 
recommends  the  addition  of  the  ferric  chloride  to  the  filtrate  from  the 
precipitate  caused  by  lead  acetate,  and  the  gradual  addition  of  sul- 
phuric acid  until  the  red  colour  due  to  acetic  acid  just  disappears, 
when  the  violet  coloration  due  to  salicylic  acid  will  be  seen. 

Chrysophanic  Acid  (C1.5H10O4)  appears  in  the  urine  after  its  ap- 
plication to  the  skin,  and  also  after  the  use  of  rhubarb  and  senna. 
The  urine  is  generally  of  a  strong  brownish  yellow  colour,  and  be- 
comes a  permanent  purple  red  on  the  addition  of  caustic  soda. 

Santonin  (CigHigOg). — After  its  use  a  decomposition  product  is 
present  in  urine,  owing  to  which  this  fluid  generally  acquires  a  yellow 
colour,  which  is  transitorily  reddened  by  the  addition  of  caustic  soda 
or  ammonia.  To  distinguish  between  the  urine  coloured  by  it  and  by 
chrysophanic  acid  the  following  reactions  will  suffice  : — 

Chri^ophanic  acid  Santonin 

1.  Alhalies    give    a    permanent    red      A  cherry  or  purple  red  colour,  which 

colour.  disappears  after   24  hours.       The 

tint  is  more  of  an  orange  after 
rhubarb  or  senna. 

2.  Alkaline   carhonates  give   a  rapid     The  red   colour  appears   slowly  and 

red  coloration.  gradually. 

3.  Reducing  agents  in  the  urine  ren-      The  colour  remains. 

dered     allialine     remove     the 
colour. 

4.  Precipitate  with  baryta  water  and      The  colour  of   the  filtrate  is  not  re- 

filter  :  the  filtrate  is  decolourised.  moved. 

Quinine  (C20H24N2O2). — Part  appears  in  the  urine  unaltered, 
part  as  oxychinin  (Keener).     The  urine  turns  the  polarised  ray  from 
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0*3  to  0'4  to  the  left.  Add  a  few  drops  ammonia  to  the  urine,  shake 
well  with  some  ether,  remove  the  ether  with  a  pipette,  and  evaporate 
the  ethereal  extract.  The  residue  is  to  be  dissolved  in  a  little  slightly 
acidified  water  and  again  precipitated  with  ammonia.  Dissolve  uj) 
this  last  residue  with  water  and  treat  it  first  with  chlorine  water  and 
then  with  ammonia  :  a  green  colour  is  obtained  ;  or  if  ferrocyanide 
of  potassium,  is  also  added,  a  red  colour. 

To  detect  very  small  quantities  precipitate  the  urine  with  tannic 
acid  and  wash  the  precipitate  by  decantation ;  then  treat  it  with 
caustic  lime  and  evaporate  to  dryness ;  digest  the  residue  with  hot 
chloroform,  and  evaporate  the  chloroform  extract.  The  quinine  can 
be  dissolved  up  from  this  last  residue  by  means  of  acidulated  water 
(Personne). 

Morphine  (O17H19NO3). — Only  a  part  of  the  morphine  taken  into 
the  stomach  is  absorbed,  some  being  lost  in  the  freces ;  even  when  in- 
jected subcuianeously  it  is  partly  destroyed  by  the  alkaline  blood,  so 
that  only  very  minute  traces,  or  at  the  most  the  products  of  its  de- 
composition, can  be  detected  in  the  urine  (Landsberg).  Borntrager 
could  not  discover  any  morphine  in  the  urine  of  a  person  who  daily 
took  it  in  large  doses ;  but  it  always  appeared  there  when  it  was  sub- 
cutaneously  injected.  In  a  patient  into  whom  a  considerable  amount 
was  daily  injected,  one-fourth  was  found  unaltered  in  the  urine,  and 
some  was  likewise  discovered  in  the  faeces  (Marme). 

Evaporate  the  urine  to  a  syrup,  and  extract  it  several  times  with 
absolute  alcohol ;  evaporate  this  alcoholic  extract  to  dryness,  and 
dissolve  the  residue  in  a  few  drops  acetic  acid  and  water,  shaking  up 
the  watery  solution  with  warm  amyl  alcohol  (70°)  until  it  is  colour- 
less ;  then  concentrate  it  over  a  water  bath,  and  having  rendered  it 
strongly  alkaline  with  ammonia  shake  it  two  or  three  times  with 
hot  amyl  alcohol,  which  takes  up  the  morphine  and  yields  it  on 
evaporation. 

1.  Dissolve  a  little  in  strong  sulplnuic  acid,  add  a  drop  of  water 
and  a  small  fragment  of  red  potassic  chromate  :  a  mahogany  colora- 
tion is  produced. 

2.  Heat  the  solution  in  sulphuric  acid  in  an  air  bath  at  about 
150°  for  10  minutes  or  vSO,  let  it  cool,  and  then  add  nitric  acid,  when 
a  beautiful  dark  violet  or  blood  red  colour  is  produced. 

The  other  alkaloids  are  examined  for  in  the  same  way.  Test  their 
action  on  frogs,  and  note  if  the  pupils  are  dilated  (atro^nn)  ov  the 
muscles  tetanised  [sti'ychniii),  ifec. 

Lead,  Silver,  and  Mercury. — In  poisoning  by  lead  the  metal  may 
be  detected  in  the  urine  and  all  the  organs  of  the  body.  In  rabbits 
to  which  lead  had  been  given  in  doses  of  3  to  4  milligrams  daily  traces 


ADDITIONAL  ABNORMAL    CONSTITUENTS.  645 

were  found  in  the  urine  after  the  first  day.  The  lead  is  best  detected 
by  treating  the  residue  of  the  evaporated  urine,  or  of  any  organic 
fluid,  by  first  destroying  all  organic  matters  with  hydrochloric  acid 
and  potassic  chlorate,  and  testing  the  dissolved  residue  with  sulphu- 
retted hydrogen  in  an  alkaline  solution ;  or  the  lead  can  be  separated 
by  electrolysis,  the  solution,  freed  from  organic  matter  and  acidulated 
with  hydrochloric  acid,  being  placed  in  a  bell  jar  closed  below  with 
parchment  paper  and  floated  in  very  dilute  sulphuric  acid.  The 
positive  electrode  of  a  small  battery  lies  on  the  parchment  diaphragm 
and  the  negative  electrode  on  the  other  side.  The  electrodes  are 
platinum  foil,  and  in  24  hours  the  lead  deposited  on  the  positive 
electrode  is  dissolved  in  boiling  nitric  acid,  the  solution  evaporated  to 
dryness,  redissolved  in  water  with  the  addition  of  caustic  soda,  and 
tested  with  hydric  sulphide. 

To  detect  silver  evaporate  the  urine  and  destroy  the  organic 
matter  in  the  residue  by  fusing  it  with  potassic  nitrate  and  sodic 
hydrate ;  extract  with  water,  and  dissolve  what  remains  in  nitric 
acid ;  this  last  solution  is  to  be  filtered,  evaporated,  dissolved  in  water, 
and  precipitated  with  hydrochloric  acid. 

In  the  case  of  mercury  the  residue  of  the  urine  is  freed  from 
organic  matters  by  means  of  potassic  chlorate  and  hydrochloric  acid, 
the  filtrate  subjected  to  electrolysis,  the  mercury  being  deposited  on  a 
gold  electrode.  The  deposited  mercury  is  then  converted  into 
iodide,  the  electrode  being  introduced  into  a  glass  tube,  which  is  then 
drawn  out  into  a  capillary  tube  at  one  end  and  sealed  at  the  other. 
On  heating  the  bulb  the  mercury  sublimes  and  passes  into  the  capil- 
lary portion  of  the  tube.  Cut  off  part  of  the  bulbous  portion  of  the 
tube  and  seal  it  up  again  after  having  enclosed  a  fragment  of  iodine  ; 
the  iodine  vapour  penetrates  the  capillary  tube  and  converts  the 
mercurial  sublimate  into  iodide.  Or  the  urine  may  be  diluted  with 
water  or  a  2  per  cent,  sodic  chloride  solution,  mixed  with  slaked  lime, 
and  some  potash  solution  introduced,  the  whole  being  enclosed  in  a 
large  flask.  To  the  latter  a  17  tube  filled  with  glass  wool  moistened 
with  silver  nitrate  is  attached,  and  the  whole  then  heated  in  a  calcium 
chloride  bath  to  130°  to  140°.  The  glass  wool  is  next  to  be  con- 
verted into  iodide,  as  described  above. 
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CHAPTEK  XXVI. 

TABLE  FOR  THE  EXAMINATION  OF  MORBID    URINE. 

1.  Quantity. — Collect  in  a  clear  vessel  the  total  urine 
passed  in  tlie  24  hours  (normally  1,500  to  1,700  c.c.  =  52  to 
59  oz.) 

2.  Density. — Ascertain  this  with  a  urinometer  (the  normal 
is  1018  to  1025  ;  to  get  it  with  any  degree  of  accuracy,  and  so 
as  to  be  really  of  service  clinically,  a  sample  taken  from  the 
whole  mixed  urine  passed  in  the  24  hours  should  be  tested). 

To  obtain  approximately  the  solids  in  the  1,000  parts  from 
the  density  multiply  the  last  two  numbers  of  the  latter  by  2  or 
2*33  (Trapp).  [Normally  40  to  60  grams  (61 7  to  925  grains)  of 
solids  in  1,000,  or  4  to  6  per  cent.,  of  which  urea  =  370  grains, 
and  inorganic  salts,  about  the  half  of  which  are  chlorides, 
=  300  to  350  grains.] 

3.  Note  the  Colour,  whether  pale,  yellow,  brown,  red,  or 
black ;  the  clearness  or  turbidity  ;  the  presence  or  absence  of  a 
sediment;  and  the  reaction  (of  the  fresh  urine),  whether  acid, 
neutral,  or  alkaline.  (If  the  litmus  paper  has  been  reddened 
and  turns  blue  again  on  drying,  the  acid  is  free  carbonic  ;  while 
if  the  litmus  has  been  coloured  blue  but  reddens  again  when 
the  paper  dries,  or  is  gently  heated  on  a  slip  of  glass,  the 
alkalinity  is  due  to  ammonium  carbonate  ;  but  if  it  remains 
blue,  then  the  alkalinity  is  due  to  fixed  alkali.) 

4.  Test  for  Albumin  by  boiling  the  clear  acid  urine  ;  if  it 
is  not  already  acid  add  a  few  drops  of  acetic  acid,  and  then  note 
if  any  precipitate  appears  on  boiling.  (When  albumin  is  present 
the  sp.  gravity  is  generally  low  and  the  urine  pale  in  colour.) 

(a)  If  it  is  white  and  disappears  on  the  addition  of  nitric 
acid  it  consists  of  earthy  phosphates.  (The  nitric  acid  should 
not  be  added  too  sparingly.) 

(6)  If  it  is  white  and  does  not  disappear  on  the  addition  of 
nitric  acid  it  is  albumin.  But  instead  of  appearing  white  it 
may  be  green-coloured,  from  the  presence  of  biliary  pigment ; 
or  reddish  brown,  from  the  presence  of  blood. 

Lay  the  test  tube  aside  for  24  hours   and   then  note  the 
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amount  of  the  deposit.  Eouglily,  if  the  precipitate  is  insignifi- 
cant, the  loss  of  albumin  in  the.  24  hours  is  under  2  grams  ;  if 
moderate,  from  ^6  to  8  grams  ;  if  considerable,  from  10  to  12 
grams ;  while  if  very  large,  about  20  grams.  If  a  more  accu- 
rate determination  is  required  see  pp.  507-510. 

To  confirm  the  presence  of  albumin,  particularly  if  it  is  in 
small  amount,  or  if  there  is  any  doubt  as  to  its  existence  in  the 
urine,  pour  some  'pure  nitric  acid  into  a  test  jar,  and  allow  the 
urine  to  flow  slowly  down  the  side  of  this  vessel,  held  inclined 
at  a  considerable  angle,  and  to  spread  itself  out  upon  the  nitric 
acid ;  then  note  the  appearance  of  a  ivhite  cloud  at  the  line  of 
juncture  of  the  tivo  fluids.  Or  a  saturated  solution  of  picric 
acid  may  be  used  in  the  same  way. 

Another  confirmatory  test  is  to  boil  the  urine  with  a  few 
drops  of  MillorCs  reagent,  when  an  intense  red  coloration  will 
be  produced ;  or  add  to  the  urine  a  little  phosphotungstic  acid, 
which  precipitates  even  very  dilute  solutions  of  albumin  if  a 
little  time  is  given. 

In.  slight  cases  of  albuminuria  the  albumin  may  be  absent 
from  the  urine  passed  before  breakfast  and  present  in  con- 
siderable proportion  after  a  large  meal,  such  as  dinner  or  break- 
fast. It  is  advisable,  therefore,  in  cases  of  doubt  or  difficulty, 
to  test  samples  of  the  urine  of  the  early  morning,  of  that  passed 
after  dinner,  and  of  the  urine  voided  at  night. 

5.  Test  for  Sugar. — The  urine  is  pale,  abundant,  and  of 
high  sp.  gravity  (1030  to  1050)  if  sugar  is  present. 

The  urine  should  be  free  from  albumin :  if  not,  acidify  it 
strongly  with  acetic  acid,  boil  for  some  time,  and  separate  the 
precipitate  by  filtration ;  or  if  much  pigment  is  present  filter 
the  urine  through  animal  charcoal. 

(a)  Add  a  little  of  the  alkaline  solution  of  bismuth  (see 
p.  65)  to  the  fresh  urine  and  boil  for  a  few  minutes  :  a  hrown 
or  black  coloration  or  precipitate  is  indicative  of  sugar ;  a  white 
precipitate  is  due  merely  to  bismuthic  oxide. 

(6)  Confirm  the  presence  of  sugar.  (1)  Add  to  it  one-fourth 
its  volume  of  caustic  soda  solution  and  then,  drop  by  drop,  a 
solution  of  cupric  sulphate  (1  :  10)  until  a  blue  solution  is 
obtained ;  now  heat,  and  a  yellowish  red  precipitate  is  thrown 
down.      Better  results   will  be  obtained  by  diluting  a  little 
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Fehling's  solution  with  water,  boiling  the  mixture,  then  adding 
the  urine  gradually,  heating  after  each  addition.  If  sugar  is 
present  in  not  too  small  amount  an  orange  or  red  precipitate 
makes  its  appearance.  Also,  for  the  sake  of  avoiding  any 
possibility  of  reduction  of  the  copper  by  other  reducing  bodies 
than  sugar,  it  is  advisable,  if  any  uncertainty  exists,  to  mix 
a  little  Fehling's  solution  with  the  urine  and  lay  it  aside  for  12 
to  24  hours  :  sugar  alone,  of  any  of  the  probable  urinary  con- 
stituents, effects  the  reduction  in  the  cold. 

6.  Test  for  Bile.  a.  Bile  Pigment. — The  presence  of  albu- 
min does  not  interfere  with  the  pigment  reactions.  If,  indeed, 
in  the  previous  testing  for  albumin  a  greenish  precipitate  was 
obtained,  then  the  presence  of  bile  pigment  is  indicated. 
(a)  Pour  a  little  yellow  nitric  acid  into  a  test  tube,  then  in- 
clining the  test  tube  let  the  urine  trickle  slowly  down  its  side, 
so  as  to  form  a  layer  over  the  acid ;  at  the  point  of  contact  a 
green  band  first  appears,  which  spreads  upwards,  and  is  suc- 
ceeded inferiorly  by  a  blue,  a  reddish  violet,  and  a  yellow  layer. 

(6)  Spread  a  drop  of  the  urine  upon  a  white  plate  and  bring 
a  drop  of  yellow  nitric  acid  into  the  middle  of  this  drop  :  a 
play  of  colours  is  produced,  beginning  with  green  and  ending 
with  red  and  yellow. 

(c)  A  delicate  plan  is  to  filter  the  urine,  dry  the  filter,  and 
then  allow  a  drop  of  yellow  nitric  acid  to  fall  down  the  inside 
of  the  filter:  the  play  of  colours  is  well  marked. 

The  presence  of  indican  or  the  pigments  of  rhubarb,  senna, 
santonin,  &c.,  may  lead  to  some  difficulty.  With  the  indican, 
however,  the  appearance  of  the  first  green  band,  so  charac- 
teristic of  bilirubin,  is  wanting,  while  the  play  of  colours  is 
absent  with  the  other  pigments. 

(cZ)  With  only  traces  of  pigment  the  above  methods  may 
fail ;  the  following  then  is  to  be  tried  :  Acidify  the  urine  with 
acetic  acid  and  shake  well  with  a  little  chloroform ;  if  pigment 
is  present  the  chloroform  assumes  a  yellow  tint.  Remove  the 
chloroform  with  a  pipette,  allow  a  drop  of  it  to  evaporate  on  a 
microscope  slide,  and  look  for  bilirubin  crystals.  Shake  the 
rest  of  the  chloroform  extract  with  carbonate  of  soda,  and  an 
alkaline  solution  of  the  pigment  is  obtained,  which  is  to  be 
treated  with  nitric  acid  as  in  («)  or  (6). 
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B.  Biliary  Acids. — (ft)  Add  a  few  drops  of  cane  sugar 
syrup  to  the  uriiie,  and  then  a  little  gum  mucilage  or  a  scraping 
of  hard  soap ;  shake  for  some  time  until  a  good  froth  is  ob- 
tained ;  now  incline  the  test  tube  and  allow  a  drop  or  two  of 
strong  sulphuric  acid  to  flow  down  into  the  froth ;  if  the 
biliary  acids  are  present  a  beautiful  purple  will  show  itself  in 
the  froth  along  the  line  of  the  sulphuric  acid,  either  at  once  or 
after  the  side  of  the  tube  has  been  gently  warmed. 

(h)  Dip  a  piece  of  filter  paper  into  the  urine  in  (a)  after 
the  addition  of  the  cane  sugar,  and  lay  it  aside  to  dry  ;  then 
bring  a  drop  of  strong  sulphuric  acid  in  contact  with  it  by  means 
of  a  glass  rod,  and  in  a  short  time  a  violet  red  spot  will  appear. 

(c)  It  is  best,  in  case  of  doubt,  to  isolate  the  biliary  acids 
as  follows :  Precipitate  the  urine  with  acetate  of  lead  and  a 
few  drops  of  ammonia ;  collect  the  precipitate  on  a  filter  and 
wash  it  with  water;  next  boil' it  with  alcohol  and  filter  hot; 
add  some  drops  of  sodic  carbonate  solution  to  the  filtrate  and 
evaporate  to  dryness.  Extract  the  dry  residue  with  boiling 
absolute  alcohol,  which  is  to  be  placed  in  a  flask,  and  after 
having  been  evaporated  to  a  small  volume  ether  added  to  it, 
the  flask  corked,  well  shaken,  and  laid  aside  :  a  resinous  pre- 
cipitate soon  appears,  which  is  to  be  separated  and  a  watery 
solution  of  it  tested  as  in  {a)  or  (6). 

7.  Test  fm^  Earthy  Phosphates. — Add  to  15  to  20  c.c.  urine 
in  a  test  tube  5  to  15  drops  of  a  solution  (1  :  12)  of  carbonate 
of  soda :  the  urine  becomes  opalescent  or  gives  a  precipitate. 
This  indication  is  readily  confirmed  by  adding  a  drop  of  nitric 
acid  to  another  specimen  of  urine,  and  dipping  into  it  a  piece 
of  ammonium  molybdate  paper,  when  the  latter  assumes  a 
yellow  colour,  which  is  more  marked  if  the  acidified  urine  has 
been  previously  boiled. 

The  precipitate  that  an  alkaline  or  faintly  acid  urine  may 
give  on  boiling,  and  which  disappears  on  the  addition. of  nitric 
acid,  is  due  to  earthy  phosphates. 

Approximately  the  amount  may  be  determined  by  noting 
the  character  and  amount  of  the  precipitate  with  the  sodic  car- 
bonate (Benecke).  If  no  cloudiness  even  is  produced  the  phos- 
])hates  are  below  0*02  per  cent. 
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Per  cent. 

A  slight  opalescence =  0-04  to  0-06 

A  stronger         „  .-....=  0-07  „  0*09 

A  marked  „  =  0-10  „  0-12 

A       „        turbidity =  0-U  „  O'lo 

A  moderate  precipitate  gradually  appearing  .  =  0'16  ,,  0-18 
A  strong  „  appearing  immediately  .  ^.  0-19  „  0  21 
A  precipitate  occupying  nearly  the  whole  lluid  .  =  0-20  „  0-2f) 
{Normal  amoioit =  0*00  ,,  008) 

8.  Test  for  Uric  Acid, — Filter  200  c.c.  urine,  add  10  c.c. 
hydrochloric  acid,  and  lay  aside  for  24  hours  :  a  reddish  or 
brownish  yellow  crystalline  precipitate  on  the  sides  of  the 
tube.  Collect  these  by  decanting  the  urine  and  filtering. 
Place  a  few  of  the  crystals  thus  obtained  on  a  microscope 
slide,  and  dissolve  them  in  a  drop  or  two  of  caustic  potash  with 
the  aid  of  heat ;  stretch  a  piece  of  linen  thread  through  the 
drop  and  apply  a  cover  glass ;  now  let  fall  a  few  drops  of  hydro- 
chloric or  acetic  acid  at  the  side  of  the  cover  glass  over  the 
uncovered  part  of  the  linen  thread  ;  examine  under  the  micro- 
scope in  a  few  minutes,  and  note  the  appearance  of  transparent 
rhombic  tables  in  the  neighbourhood  of  the  thread. 

The  murexid  test  can  also  be  applied,  if  required,  to  some 
of  the  crystals  placed  in  a  small  porcelain  capsule.  Add  a  drop 
or  two  of  nitric  acid,  warm,  and  evaporate  at  a  gentle  heat ; 
moisten  the  reddish  residue  with  ammonia,  and  it  will  become 
purple  red,  or  with  caustic  potash,  and  a  purple  blue  colour  will 
be  produced. 

If  excess  of  urates  is  j)resent  the  urine  will  not  be  clear, 
but  it  will  become  so  on  boiling,  and  will  respond  to  the  above 
tests. 

9.  Test  for  Blood  if  the  urine  is  of  a  red,  brown,  or  brown- 
ish black  colour,  and  particularly  if  there  is  a  reddish-coloured 
deposit. 

(a)  Boil  a  little  of  the  urine  with  some  strong  caustic 
potash,  and  let  it  stand  for  a  short  time  :  earthy  phosphates  will 
be  precipitated,  coloured  brown  to  a  blood  red  and  exhibiting 
marked  dichroism  with  reflected  light. 

Urine  containing  chrysophanic  acid  or  the  pigments  of 
rhubarb  or  senna  gives  a  similar  reaction  ;  but  there  is  no 
dichroism,  and  instead   of  the  colour  of  the  precipitate   being 
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brightened  by  the  action  of  mineral  acids,  as  is  the  case  with 
blood,  it  is  somewhat  darkened. 

In  cases  of  doubt  apply  the  following  tests  in  addition : — 

(6)  Boil  the  urine  with  acetic  acid,  collect  the  brownish 
red  coagulum  on  a  iilter,  wash  it,  and  then  warm  it  with  a  little 
alcohol  acidified  with  sulphuric  acid  :  a  red  or  brownish  red 
alcoholic  solution  is  obtained,  which  is  to  be  filtered  and 
examined  with  a  spectroscope ;  if  sufficiently  concentrated  it 
will  give  the  absorption  bands  of  bsematin,  a  dark  band  between 
c  and  D,  and  another  lighter  but  broader  band  extending  from 
midway  between  D  and  E  to  F,  though  sometimes  this  latter 
may  appear  as  two  bands  instead  of  one. 

(c)  Add  a  little  freshly  prepared  tincture  of  guaiacum  to 
an  equal  volume  of  spirits  of  turpentine  in  a  test  tube,  shake  so 
as  to  form  an  emulsion,  and  pour  the  urine  down  the  inside  of 
the  inclined  test  tube,  so  as  to  form  a  layer :  if  blood  is  present 
the  resinous  precipitate  takes  a  blue  colour. 

{d)  K  little  of  the  deposit  should  be  transferred  to  a  slide 
and  examined  under  the  microscope.  Look  for  the  non- 
nucleated  flattened  discs,  which  may  be  more  or  less  swollen  and 
decolourised  ;  then,  if  corpuscles  are  to  be  seen,  and  there  is 
doubt  as  to  their  identity,  irrigate  with  strong  solution  of 
Tnagenta,  which  stains  sporules  and  nuclei  of  epithelial  cells ; 
or  with  a  solution  of  eosin,  which  imparts  a  rosy  orange  tint  to 
the  coloured  corpuscles. 

(Where  blood  is  present  it  is  often  of  importance  to  get  the 
patient  to  micturate  into  two  clean  vessels,  so  that  the  urine 
first  passed  may  be  examined  separately  from  that  passed 
later.) 

10.  Test  for  Indican. — Mix  40  drops  or  so  of  urine  with 
about  4  c.c.  fuming  hydrochloric  acid ;  then  agitate  with  some 
chloroform,  which  on  settling  to  the  bottom  will  be  of  a  blue 
colour  if  indican  is  present.  Or  warm  the  urine  with  .twice  its 
volume  of  nitric  acid,  and  then  shake  with  a  little  chloroform  : 
a  blue  -chloroform  layer  is  obtained,  that  gives  an  absorption 
band  between  c  and  D. 

11.  Test  for  Excess  of  Urea. — The  mine  is  of  a  deep  colour 
and  a  high  sp.  gravity  (1030  to  1040).  Add  to  some  urine  in 
a  large  watch  glass  an  equal   volume  of  pure   nitric  acid,  and 
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float  the  glass  on  cold  water.  If  the  urea  is  in  much  excess 
crystals  of  nitrate  of  urea  will  make  their  appearance  inside  half 
an  hour,  or  much  earlier,  according  to  the  amount  of  urea 
present. 

12.  Crystalline  Constituents. — Evaporate  some  urine  to  a 
thick  syrup,  place  drops  of  this  upon  several  glass  slides,  and 
apply  thin  cover  glasses ;  after  crystallisation  has  gone  on  for 
some  time  examine  under  the  microscope.  Add  a  drop  of 
acetic  acid  to  one  of  the  drops  of  the  syrup  and  insert  a  fila- 
ment of  flax  or  silk  therein  :  let  this  slide  stand  under  cover 
for  twelve  to  twenty-four  hours,  when  it  is  to  be  examined. 


CHAPTER   XXVII. 

URINARY  SEDIMENTS   OR   DEPOSITS. 

Certain  extraneous  matters  may  be  found  in  examining 
urinary  deposits,  and  the  student  should  in  the  first  place  make 
himself  familiar  wdth  their  appearance,  so  as  not  to  mistake 
them  for  true  urinary  deposits.  The  most  common  of  these 
extraneous  deposits  are  fibres  of  cotton  or  flax,  hairs  of 
different  animals,  portions  of  feather,  wool,  oil  globules,  granules 
of  starch,  pieces  of  vegetable  tissue,  splinters  of  wood,  chalk, 
sand,  &c. 

It  is  always  desirable  to  examine  the  deposits  early,  as 
some  of  them  are  liable  to  undergo  perceptible  changes  in  a 
comparatively  short  time. 

A  light  cloudy  deposit  after  the  urine  has  stood  a  few  hours 
is  normal ;  it  generally  consists  of  epithelium  or  a  little  mucus 
from  some  part  of  the  urinary  tract.  When  the  urine  is  turbid 
and  acid  on  emission,  the  turbidity  is  due  to  the  presence  of 
pus,  blood,  or  mucus;  but  if  alkaline,  to  the  presence  of 
phosphates. 

The  deposits  may  he  classified  into  organic  and  inorganic. 
The  organic  consist  of  epithelial  cells,  casts  of  the  uriniferous 
tubules,  pus,  blood,  oil  globules,  &c. ;  while  the   inorganic  are 
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such  bodies  as  uric  acid,  urates,  oxalates,  phosphates,  and 
carbonates,  chiefly  of  the  alkalies  and  alkaline  earths,  leucin, 
cjstin,  and  tyrosin,  &c. 

Pus  varies  in  appearance  according  to  the  reaction  of  the 
urine.  When  it  is  acid  the  pus  tends  to  sink  to  the  bottom 
of  the  vessel  as  an  opaque,  creamy,  greenish  yellow  layer, 
diffusing  readily  on  being  agitated  and  subsiding  again  slowly 
and  gelatinising  w^hen  mixed  with  an  equal  volume  of  caustic 
potash.  When  the  urine  is  alkaline  the  pus  is  viscid  and 
ropy,  very  tenacious  and  stringy,  not  diffusing  readily  on 
agitation,  and  generally  mixed  with  earthy  phosphates. 

Mucus  also  tends  to  sink  to  the  bottom  of  the  vessel,  and  is 
very  tenacious  and  ropy ;  earthy  phosphates  are  frequently 
deposited. 

The  deposit  should  he  allowed  to  settle^  and  the  supernatant 
urine  decanted,  or  the  sediment  removed  by  means  of  a  pipette  ; 
and  as  a  general  rule  portions  of  the  deposit,  if  a  copious  one, 
should  he  examined  at  different  levels.  By  using  a  conical 
glass  sufficient  deposit  may  be  obtained  for  examination  even 
from  a  small  amount  of  urine. 

The  character  of  the  deposit  should  then  be  noted — whether 
it  is  (1)  light,  fiocculent,  and  transparent,  consisting  of  mucus, 
epithelium,  or  other  bodies,  such  as  sarcinae,  spermatozoa,  casts, 
&c.,  in  small  quantity:  (2)  dense  and  opaque  and  of  con- 
siderahle  hulk,  as  urate  of  soda,  forming  a  lateritious  nut- 
brown  sediment ;  phosphates,  urine  usually  alkaline ;  pus, 
forming  a  creamy  deposit  rendered  glairy  by  potash :  (3) 
crystalline  or  granular,  occupying  a  small  bulk  at  the  sides 
or  bottom  of  the  vessel  containing  the  urine,  and  coloured 
or  transparent,  as  uric  acid,  generally  of  a  mahogany  brown 
colour ;  hlood  and  other  corpuscles  and  cells ;  oxalate  of  lime 
(seldom  forming  a  deposit  visible  to  the  naked  eye),  cystin,  &c. 
(Beale). 

We  generally  find  that  the  deposit  varies  with  the  reaction 
of  the  urine  ;  thus  from  an  acid  urine  we  may  have  a  deposit 
of  urates,  uric  acid,  tyrosin,  or  cystin ;  from  an  alkaline  urine, 
urate  of  ammonia,  phosphate  of  lime  or  magnesia,  triple  phos- 
phate, or  carbonate  of  lime  ;  and  from  a  nearly  neutral  urine, 
oxalate  of  lime. 
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Removal  of  Deposit, — Plunge  a  pointed  pipette,  whose 
upper  orifice  is  closed  with  the  forefinger,  into  the  deposit  at 
the  bottom  of  the  vessel  holding  the  urine,  and  then  raise  the 
forefinger  slightly,  upon  which  some  of  the  deposit  will  enter  ; 
now  press  the  forefinger  tightly  down  and  remove  the  pipette. 
If  the  deposit  is  present  in  but  small  amount,  or  if  only  a  small 
quantity  of  urine  can  be  obtained,  the  precaution  should  be 
adopted  of  attaching  a  piece  of  indiarubber  tubing  provided 
with  a  clip  to  the  upper  end  of  the  pipette.  Then  on  removing 
the  pipette  from  the  urine  lay  it  aside  suspended  for  some 
time. 

As  a  preliminary  examination  it  is  expedient  to  proceed  as 
follows  (after  Eobin)  : — 

1.  Warm  a  little  of  the  deposit  in  a  test  tube  with  some  of 
the  urine  itself :  urate  of  soda  or  ammonia  readily  dissolves. 

2.  Add  to  a  little  of  the  deposit  half  its  volume  of  caustic 
potash :  urates  are  dissolved  and  a  clear  solution  obtained  ;  pus 
becomes  transparent,  glairy,  and  viscid  ;  phosphates  remain  un- 
changed. If  the  deposit  is  rendered  viscid  without  being 
cleared  up,  then  pus  and  phosphates  are  probably  both 
present. 

3.  If  the  deposit  does  not  disappear  when  heated,  add  a  few 
drops  of  acetic  acid  :  earthy  phosphates  are  dissolved. 

4.  If  insoluble  in  acetic  acid  add  to  a  fresh  portion  a  few 
drops  of  dilute  hydrochloric  acid :  a  clear  solution  which  gives 
a  white  precipitate  when  neutralised  with  ammonia  probably 
indicates  oxalate  of  lime. 

5.  If  still  insoluble,  to  a  fresh  portion  add  a  few  drops  of 
liquor  ammonice  :  if  it  dissolves,  and  the  solution  on  evapora- 
tion leaves  hexagonal  crystals — cystin. 

6.  Also,  if  insoluble  in  the  hydrochloric  acid,  test  for  uric 
acid  by  adding  a  drop  or  two  of  nitric  acid  to  a  little  of  the 
deposit  on  a  small  porcelain  dish,  heating  to  dryness  over  a 
spirit  lamp,  and  adding  a  drop  or  two  of  ammonia :  a  purple 
coloration  indicates  uric  acid, 

7.  Test  the  solubility  of  the  deposit  in  ether  i  if  soluble, 
and  the  ethereal  solution  yields  an  oily  residue,  fatty  matter 
is  present.     A  partial  clearing  up  occurs  with  chylous  urine, 

8.  Examine  the  deposit  under  the  microscope^  and  note 
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whether  it  is  crystalline  or  amorphous,  or  consists  of  rounded  or 
organised  particles. 

{a)  Crystalline  in  Whole  or  in  Part. — Uric  acid  in  lozenge- 
shaped  crystals,  but  the  form  varies  immensely.     This  is  the 
most  frequent  form  of  deposit.     Khombs 
and  rectangular  prisms  are  the  most  com- 
mon forms,  and    they  are    usually  of  a     ^^^ 
reddish  yellow  colour.     In  case  of  doubt 
it  is  always  advisable  to  dissolve  a  little        ^^j^^^  o  ^   ^ 
of  the  deposit  in  a  drop  of  potash  on  a        w^       ^ 
slide,  and  then  add  excess  of  acetic  acid  ;  ®  IMI    ^ 

cover  and  examine  in  a  couple  of  hours,  IKI  "^^      ^^^ 

when  if  uric  acid  is  present  small  colour-  j.^.  35._oxalate  op  limk 
less  rhombic  crystals  will  be  obtained.  2S™™ds.  ^^^^-^'^^^"' 
Triple    phosphate    occurs     in     stellate, 

feathery,  or  obliquely  truncated  triangular  prisms,  soluble  in 
acetic  acid ;  phosphate  of  lime  in  granules  and  occasionally 
in  radiating  crystals  ;  oxalate  of  lime  in  octohedra  or  dumb- 
bells; cystin  in  rosette-like  tables;  cholesterin  in  rhombic 
plates. 

(6)  Rounded  or  Amorphous  Particles, — Oil  globtdes  as 
spherical,  very  refractile  bodies  with  dark  borders ;  chylous 
matter  as  very  minute  fatty  granules  in  an  opaque  and  milky 
urine  :  fatty  matter  is  generally  in  globules,  chylous  matter  in 
a  molecular  condition.  Milk  can  be  detected  by  its  character- 
istic globules,  and  by  the  urine  clearing  up  after  the  addition 
of  a  few  drops  of  acetic  acid  and  ether,  chylous  urine  clearing 
up  on  addition  of  ether  alone.  Urate  of  soda  or  ammonia 
occurs  in  amorphous  form  or  in  small  rounded  masses,  and  is 
readily  soluble  when  heated ;  phosphate  of  soda  is  soluble  in 
dilute  acids :  on  adding  acetic  acid  the  phosphates  and  car- 
bonates disappear,  also  the  urates,  but  uric  acid  crystals  will 
appear  in  the  place  of  the  latter. 

(c)  Organised  Particles. — Corpuscles  of  mucus,  pus,  or 
blood,  epithelial  scales,  casts,  sarcinse,  &c.  Irrigate  with  dilute 
acetic  acid  a^nd  stain  with  magenta.  Pus,  as  we  have  seen,  is 
rendered  glairy  by  potash,  and  it  is  generally  associated  with 
crystals  of  triple  phosphate.  A  little  albumin  also  can  be  de- 
tected in  the  urine  when  pus  is  present,  derived  from  different 
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parts  of  the  geDito-iirinary  mucous  membrane,  even  from  the 
kidney  itself ;  but  to  determine  its  exact  seat  of  formation  is 
difficult ;  some  idea,  however,  may  be  gained  by  noting  the 
character  of  the  epithelial  cells  mixed  with  it,  and  the  presence 
or  absence  of  different  crystals ;  thus  pus  from  the  bladder 
generally  contains  crystals  of  triple  phosphate,  but  these  are 
often  absent  if  the  pus  comes  from  the  pelvis  of  the  kidney  or 
the  kidney  itself.  When  blood  is  present  the  urine  has  gene- 
rally a  smoky  tint,  and  if  the  urine  is  acid  the  deposit  is 
brownish,  but  if  alkaline  the  colour  is  brighter  and  redder. 
The  corpuscles  will  vary  in  their  appearance  according  to  the 
reaction  and  density  of  the  urine  ;  in  dilute  and  alkaline  urines 
they  very  soon  loose  their  characters. 

The  opportunity  may  be  taken  here,  before  tabulating  the  differ- 
ent deposits,  to  examine  one  of  these  deposits  in  a  little  more  detail. 
Cystin  very  occasionally  occurs  as  a  greyish  crystalline  deposit. 
Urine  containing  it  is  generally  faintly  acid,  yellowish -green  coloured, 
and  turbid  when  voided ;  the  addition  of  acetic  acid  increases  this 
turbidity  by  causing  more  cystin  to  be  deposited.     It  occurs  mostly 

in  the  urine  of  children  or  young 
adults,  at  times  as  much  as  0'393 
gram  being  excreted  in  the  24 
hours,  and  is  supposed  to  result 
from  some  derangement  of  the 
liver,  the  sulphates  being  generally 
increased  at  the  same  time  unless 
much  cystin  is  discharged,  in  which 
case  the  absolute  amount  of  sul- 
phuric acid  is  lessened.  In  some 
[^"X^  f'^-CN^  ^'^J^  cases  this  cystinuria  runs  in  fami- 
kj^^^l        \c>s^  ^^^^'  ^^^  seenjs  to  be  hereditary.  In 

^^"""^      ^  '-^^  ^^  very  small  amount,  it  may  be  said. 


Fia.  36.— CRYSTAT.S  OF  CySTIN. 


it  has  been  regarded  as  a  normal 


urinary  constituent  (LObisch  and 
Ebstein). 
Cystin  forms  transparent  six-sided,  or  occasionally  rhombohedral, 
plates.  It  is  soluble  in  mineral  acids,  oxalic  acid,  and  caustic  alkalies, 
from  which  it  is  readily  precipitated  as  a  white  powder,  from  the 
acid  solutions  by  ammonium  carbonate,  and  from  the  alkaline  solu- 
tions by  acetic  acid ;  but  it  is  insoluble  in  water,  alcohol,  and  ether. 
Heated  on  platinum  foil  it  burns  with  a  greenibh-blue  flame,  giving 
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off  a  characteristic  stinking,  alliaceous,  acid  odour.  On  account  of  the 
sulphur  present,  of  which  it  contains  26  per  cent.,  if  we  boil  a  potash 
solution  of  cystin,  containing  some  oxide  of  lead  dissolved  in  it,  a 
black  precipitate  of  sulphide  of  lead  will  be  formed  ;  if  boiled  without 
the  addition  of  the  lead  it  gives  off  ammonia  and  some  inflammable 
gas.  Owing  to  the  presence  of  sulphur  also,  if  a  small  portion  be 
heated  on  a  piece  of  silver  with  some  caustic  soda  a  black  stain  of 
sulphide  of  silver  is  produced. 

A  little  of  the  same  boiled  potash  solution  diluted  with  water 
gives  with  nitroprusside  of  potash  a  beautiful  violet  coloration. 

Preparation. — [a)  To  Separate  Cystin  from  a  Calculus  contain- 
ing it. — Boil  the  powdered  calculus  with  caustic  potash  or  a  little 
carbonate  of  soda,  and  neutralise  the  hot  solution  with  excess  of 
acetic  acid  :  the  cystin  separates  as  the  liquid  cools. 

Or  dissolve  the  calculus  in  ammonia,  filter,  and  allow  the  am- 
moniacal  solution  to  evaporate  spontaneously.  Cystin  may  be 
readily  purified  in  this  way  by  crystallising  it  from  its  solution  in 
ammonia. 

{b)  From  Urine  containing  it. — Add  to  the  urine  -^^ih  its  volume 
of  dilute  acetic  acid  (20  per  cent),  and  lay  aside  in  a  cool  place  :  a 
sediment  appears  inside  24  hours,  which  is  to  be  collected  on  a  filter, 
washed  with  dilute  acetic  acid,  and  dried. 

To  Separate  Cystin  from  Urine  and  Determine  its  Amount. — 
Add  20  c.c.  dilute  acetic  acid  (20  per  cent.)  to  500  c.c.  of  the  urine ; 
lay  aside  in  a  cool  place,  and  collect  the  sediment  after  24  hours  in  a 
weighed  filter ;  wash  the  precipitate  with  dilute  acetic  acid,  dry,  and 
weigh  it.  The  weighed  filter  with  its  contents  is  then  to  be  treated 
with  some  drops  of  dilute  hydrochloric  acid,  which  dissolves  out  the 
cystin ;  dry  the  filter  again  and  weigh  :  the  difference  in  weight  gives 
the  cystin.  From  the  acid  filtrate  the  cystin  can  again  be  obtained 
by  neutralising  with  ammonium  carbonate. 

Cystin  may  readily  he  distinguished  fi'om  urate  of  ammonia  in 
urine  by  being  insoluble,  or  nearly  so,  when  the  urine  is  heated,  the 
urate  dissolving  readily.  By  its  insolubility  in  acetic  acid,  the  ap- 
pearance of  its  crystals,  and  its  ready  solution  in  ammonia  it  is  dis- 
tinguished frotn  earthy  phosphates ;  and  its  sparing  solubility  in  water 
characterises  it  at  once  from,  sodium  chloride. 

Its  crystals  may  he  preserved  in  dilute  acetic  acid,  or  Canada  balsam, 
or  in  gelatin  and  glycerin.  They  are  distinguished  from  similar- 
shaped  crystals  of  uric  acid  by  treating  them  with  ammonia  and 
allowing  the  solution  to  evaporate,  when  the  uric  acid  will  remain  as 
an  amorphous  residue  of  urate  of  ammonia,  while  the  cystin  will  be 
deposited  in  its  characteristic  crystalline  form. 
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Cystin  is  recognised  (1)  by  the  shape  of  its  crystals;  (2)  by  its 
ready  solubility  in  caustic  potash;  (3)  by  the  potash  solution  staining 
silver  when  heated  on  it ;  and  (4)  by  giving  a  violet  coloration  with 
•  nitroprusside  of  potassium. 

The  deposit  may  further  be  examined  chemically  according 
to  the  methods  given  under  calculi,  or  tested  in  succession 
with  acetic  acid  and  caustic  potash  according  to  the  following 
tables  (modified  after  Marais).  Most  of  the  chemical  tests  can 
be  applied  to  the  deposit  on  the  slide,  the  precaution  being 
taken  of  inserting  a  piece  of  thread  under  the  cover  glass  to 
allow  free  entrance  to  the  reaorents. 


A.  Unorganised  Deposits. 


I.   Onjhiallino  Bodies. 

Action  of  acetic  acid 

1.  Crystals  large,  generally  iso-     Soluble, 
lated,  transparent  with  sharp  mar- 
gins, and  forming  triangular  prisms 

or  many-sided  rhombic  combina- 
tions. Occasionally  combined  with 
these,  and  especially  after  the  use 
of  alkaline  carbonates  and  in  con- 
centrated neutral  or  alkaline  urine, 
magnesic  phosphate  [Mg.j(P0j2 
-f  ITHgO]  may  appear  as  long,  nar- 
row, truncated  tables. 

2.  Crystals     voluminous,     but    Insoluble, 
generally  in  groups,  of  a  yellow  or 

brown  colour,  surface  often  fur- 
rowed or  cracked,  contouis  well 
marked  (four-sided  rhombic  tables, 
six-sided  plates,  spindle-,  barrel-, 
or  dumb-bell-shaped  crystals,  &c.) 
In  case  of  doubt  dissolve  in  a  drop 
or  two  of  caustic  potash,  and  re- 
precipitate  in  a  crystalline  form  by 
the  addition  of  a  drop  of  hydro- 
chloric acid :  the  crystals  are  colour- 
less and  lozenge-shaped. 

3.  Crystals  very  small,  isolated,     Insoluble, 
very  transparent,  refracting  light 
strongly,  outline  sharp    and  octo- 

hedral ;  occasionally  arranged  in 
rosettes,  sometimes,  however,  oc- 
curring in  small  dumb-bells. 


Ammo niaco  mag ticdan or 
triple  i)liosphate 
[MgNH.PO,  +  6H,0]. 


Vric  acid  [C.H.N.Og]. 


Owalafe  of  lime 

[CaC.O,  +  211,0]. 
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Action  of  acetic  acid 
globules,     Insoluble. 


Insoluble. 


Insoluble. 


Insoluble. 


4.  Yellowish -green 
with  astriated,  crj'stalline  structure, 
soluble  in  ammonia  and  reprecipi- 
tated  therefrom  by  excess  of  acetic 
acid  in  long  white  needles,  that  are 
generally  grouped  in  radiating  stars 
or  bundles,  or  in  brush-like  masses. 

5.  Appears  frequently  as  white 
shining  lamellae,  made  up  of  small 
spherules,  often  as  groups  of 
spherical  masses— balls  or  tuber- 
cles— exhibiting  a  radial  striation, 
the  little  spherules  being  made  up 
of  acicular  crystals  radiating  from 
a  common  centre. 

6.  Pale  or  colourless,  highly  re- 
fractile,  six-sided  tables,  soluble  in 
hydrochloric  acid  and  ammonia. 

7.  Needles  or  rhombic  prisms, 
insoluble  in  dilute  hydrochloric 
acid,  but  soluble  in  warm  alcohol 
(a  very  rare  deposit). 

II.  AiJiorjflwus  Bodies. 

Action  of  acetic  acid 

1.  Granules  round  or  oval  in 
shape,  contour  decided  and  dark, 
either  isolated  or  united  in  groups 
of  three  or  four,  arranged  in  lines, 
&c. ;  or  granules  very  pale,  small, 
transparent,  and  difficult  to  dis- 
tinguish, united  in  irregular  flakes. 
(This  body  may  also  appear  as 
wedge-shaped  crystals  with  ob- 
liquely cut  bases,  and  may  be 
arranged  in  rosettes ;  the  crystals 
may  likewise  form  needles,  or 
prisms  collected  into  radiating 
clusters,  «fcc.) 

2.  Granules  rounded,  isolated, 
with  concentric  or  radiated  stria?, 
and  more  or  less  opaque  and  dark. 
(Only  rarely  found,  and  then  gene- 
rally accompanying  the  earthy 
phosphates  in  an  alkaline  urine  ;  it 
may  occasionally  form  imperfect 
dumb-bells.) 

3.  Little  reddish  or  yellowish 
granules,  sometimes  very  small 
and  disposed  in  a  ramified   scries 


Tyrosin  [C3H-NSO2]. 


LeiLcin  [CyHjaNO,,^]. 


'y still  [C^H.NSOJ. 


HipimHc  acid 

[C„H«N03]. 


Soluble    without 
evolution       of 


Plwspliate  of  lime 
[Ca3(l>0,),]. 


Soluble  with  evo- 
lution of  bub- 
bles of  gas. 


Soluble,  with  the 
appearance 
after  a  time  of 


Carbonate  of  lime 
[CaCO,]. 


Urates 
[C,H,(NH,),N,0,] 
[C.H^Na^N.O,]. 
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Action  of  acetic  acid 
(recent       sediments);     sometimes         colourless 
more  voluminous  in  the  form   of        rhombs  of  uric 
globules  with   black  contour  and         acid, 
yellow  centre,  united  en  masse,  or 
else    isolated    and    covered    with 
points  (old  sediments).     (Urate  of 
ammonia  is  found  only  in  alkaline 
urine,  the  other   urates   generally 
in  acid  urine.) 

4.  Very  fine  •  isolated  granula-     Insoluble, 
tions  with  molecular  movement. 

5.  Rounded     granulations     of     Insoluble, 
variable  size  and  strong  refracting 

power,  soluble  in  a  mixture  of  al- 
cohol and  ether,  especially  after 
the  addition  of  a  little  caustic 
soda. 

B.  Organised  Deposits. 

\.   Of  a  Cellular,  move  or  less  Rounded  Form. 


Molecular    rjranula- 

tions. 
Fatty  particles. 


1.  Globules  circular  with  smooth 
and  crenated  margins,  without  nuclei, 
centre  depressed,  isolated,  and  often 
surrounded  by  threads  of  fibrin  or 
mucus  ;  the  urine  contains  albumin. 

2.  Round  or  oval  globules  wiih 
faintly  marked  outlines,  of  a  faint 
grey  colour,  finely  granular  and 
nucleated ;  isolated  or  grouped,  and 
often  surrounded  by  strings  of  mucus. 
At  first  the  pus  corpuscles  are  sepa- 
rate, but  they  soon  run  together,  so 
as  to  form  a  considerable  grey  or 
yellowish  white  stdiment ;  and  if  the 
urine  is  alkaline  the  corpuscles  appeal 
much  swollen  up  and  transparent, 
often  only  their  nuclei  being  visible. 

3.  Very  small  round  or  oval  re- 
fracting globules,  presenting  brilliant 
nuclei  or  warty  expansions  on  their 
sur  ace  ;  isolated  or  in  strings. 

4.  Litile  vegetable  organisms  in 
the  form  of  cubes  {sarciuoi),  or  as 
cellular  threads  forming  fungus 
growths  (or  thallus),  often  with  fruc- 
tifying spores  (sugar  fungus,  2)eiii- 
cillium  fflaucuvi). 


Action  of  acetic  acir« 
Swollen  and  decolour- 
ised by  dilute  acetic 
acid ;     not    stained 
by  carmine. 


Coloured  cor- 
puscles o/t/ic 
blood. 


Become  pale,  nuclei  Leucocytes 
being  brought  into  (mucus  and 
view,  which  are  pus  corpus- 
stained  by  carmine.  cles). 


Not      affected  ;      not     Spores. 
stained  by  carmin, 
but   the   nuclei  are 
coloured  yellow   by 
iodine. 

—  Fu7iffi. 
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5.  Very  small  oval,  hyaline,  and 
highly  refractile  corpuscles,  each 
furnished  with  a  long  and  slender 
tail. 

6.  Cells  with  thick  walls,  fre- 
quently tailed  or  spindle-shaped, 
often  forming  small  brownish  de- 
posits in  which  blood  corpuscles  are 
numerous,  and  shreds  of  tissue, 
hasmatoidin  crystals  and  rosettes  of 
calcic   oxalate   crystals    occasionally 


Actiou  of  acetic  acid 
Not  characteristically 
modified      by      re- 
agents. 

Elements  rendered 
more  distinct,  par- 
ticularly the  nuclei. 


Spermatozoa, 


Cells  and  cor- 
puscles of 
cancer  and 
tubercle. 


^S      ^ 


#^l 


IP  m^ 


Fig.  37.— EFiTBtLiAL  Cells  in  Ukinauy  Deposits. 

Epithelium  of  different  kinds  fovvd  in  ui-inai-y  d( posits:  a,  from 
ureter  ;  b,  from  urethra ;  c,  from  pelvis  of  kidney  ;  d,  from 
bladder ;  e,  from  vagina. 


also  present.  The  cells  vary  not 
only  greatly  in  size,  but  likewise  in 
shape,  and  pus  coipuscles  are  not 
frequently  combined  with  them 
{cancer  cells).  Broken-down  cheesy 
masses  with  a  large  amount  of  amor- 
phous granular  debris  and  abundance 
of  pus  corpuscles  (tubercle). 

7.  Elements  rounded,  cylindrical, 
fusiform  or  polygonal,  granular, 
generally  nucleated,  and  never  form- 
ing a  voluminous  layer.  (Nucleated 
and  elongated  or  polygonal  epithelial 
scales  may  also  show  themselves.) 

(a)  The  round  cells  come  from 
the  kidney,  the  deep  layer  of  the 
epithelium  of  the  pelvis  of  the 
kidney,  or  of  the  male  urethra,  and 
are  present  in  acute  desquamative 


Eendered  transparent, 
nuclei  being  brought 
into  view  which  are 
stained  by  carmine, 
hasmatoxylin,  or 
magenta. 


Epithelial  cells. 


O  O 
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Action  of  acetic  acid 


nephritis   and   acute    pyelitis   and 

urethritis.      (Z>)  The  conical  cells 

come  chiefly  from  the  pelvis  of  the 

kidneys,     and    (<?)    the    flattened 

scales  from  the  bladder  or  vagina. 

In    jaundice    the    nuclei    have    a 

yellow  colour. 

8.  In   warm    climates  little   oval 

plates  with  a  sharp  spine  at  one  end 

have  be  en  found  in  cases  of  haematuria. 


Billiarzia 
hcematohia. 


II.   Of  a  Cylindrical  or  Fiisifoo'm  Shajje. 


1.  Voluminous  cylinders  variable 
in  length  and  appearance,  often  beset 
with  blood  corpuscles  or  with  epithe- 
lial cells  from  the  urinary  tubules ; 
to  render  them  more  evident  irrigate 
with  iodine  or  magenta  solution, 
and  at  the  same  time  limit  the  light 
by  using  a  small  aperture  in  the 
diaphragm  of  the  microscope. 

{a)  Colourless,  flexible,  slightly 
glistening,  and  coarsely  granular, 
contour  irregular,  with  nuclei  and 
blood  corpuscles  here  and  there ; 
dissolving  in  urine  heated  to  80°, 
shrinking  in  dilute  acetic  acid,  and 
dissolving  in  strong  acetic  acid  and 
in  alkalies  {jiramdar). 

(b)  Consist  largely  of  epithelial 
cells  embedded  in  a  finely  molecular, 
translucent  mass  ;  not  soluble  in 
water,  and  shrinking  on  boiling 
(^ejjithelial). 

(c)  Yellow,  glistening,  outlines 
regular  and  well  defined ;  insoluble 
in  water,  lime  water,  or  dilute 
acetic  acid  ;  soluble  in  strong  acids 
and  alkalies  ;  and  do  not  shrink  in 
alcohol  or  tannic  acid  (^hyaline). 

2.  Very  short  and  minute  trans- 
parent rods  or  cylinders,  in  great 
numbers,  and  often  presenting  a 
molecular  or  undulatory  movement. 


Action  of  acetic  acid 
Kendered  transparent. 


Urinary  casts. 


Not  modified  by  acetic 
acid,wliich,however, 
slackens  or  arrests 
their  movements. 


Vihiones 
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Filaments  very  fine  and 
often  intersecting. 


III.  FlaJtes  or  Filaments. 

Action  of  acetic  acid 

(a)  Not  modified  by  acetic  acid.  Fungi. 

{b)  Rendered  transparent  by  acetic  Clots  of  fibrin. 
acid,  the  fibrillary  aspect  dis- 
appearing and  giving  place  to 
a  swollen,  transparent,  amor- 
phous mass,  which  again 
assumes  its  fibrillar  appearance 
after  the  action  of  caustic 
potash. 

(c)  Rendered     more     distinct    by     Mucus. 
acetic  acid,  which  gives  it   a 
striated  or  punctated  aspect. 


Action  of  Caustic  Potash  (10  per  Cent.)  on  Deposits  Examined 
UNDER  the  Microscope. 

1 .  Deposit  disappears  :   Urates — the  older  the  period  of  formation  the  slower 

the  solution. 

Uric  acid — slow  and  progressive  disappearance. 

Blood  corjmscles— swell  and  dissolve. 

Zeucooj/tes  —  become  transparent  and  dissolve 
rapidly. 

Fjnthelial  nuclei — clear  up. 

Urinary  casts  „ 

Fibrin,  and  mticus — the  granules  present  are  dis- 
sociated. 

2.  Deposit  modified  :  EjJithcliums—  the  nuclei  gradually  disappear,  the  cell 

swelling  up  into  a  transparent  vesicle  with  indis- 
tinct outline.  Pavement  epithelium  resists  the 
action  longest. 

3.  Deposit  not  modified  :  Triple  phosphate. 

Phosphate,  carbonate,  and  oxalate  of  lime. 
Spores,  vibriones,  bacteria— movements  arrested. 
Spermatozoa. 
Vegetable  filaments. 

In  the  table  preceding  the  last  it  will  be  seen  that  after 
the  action  of  acetic  acid  the  deposit  disappears,  as  with  the 
phosphates  ;  is  modified  by  being  rendered  transparent,  &c. 
{epithelia,  &c.) ;  is  not  aJBfected,  as  with  uric  acid,  oxalate  of 
lime,  &c. ;  or  new  appearances  present  themselves,  as  crystals  of 
uric  acid,  &c. 

Hippuric  acid  may  present  itself  in  the  form  of  long, 
rhomboidal,  four-faced  prisms,  which  may  be  confounded  with 
the  triple  phosphate,  but  is  distinguished  by  its  insolubility  in 

o  o  2 
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dilute  acids  and  its  solubility  in  warm  alcohol.  It  is  a  very 
rare  deposit,  but  it  may  present  itself  after  the  administration 
of  benzoic  or  succinic  acids  and  after  the  ingestion  of  large 
quantities  of  fruit,  &c. 


CHAPTER   XXVIII. 

PHYSIOLOGICAL  AND   PATHOLOGICAL    CONDITIONS  IN 
WHICH  DIFFERENT  SEDIMENTS   OCCUR. 

'1.  Mucus  and  Epitheliu^m  in  h\enovr\iQ:^?L^  catarrh  of  the 
urinary  organs,  &c. 

2.  Pus  in  suppuration  in  the  urinary  tract,  as  kidneys, 
ureters,  bladder,  urethra,  &c. ;  also,  in  females,  from  uterine  and 
vaginal  discharges.  If  the  cells  are  round  and  smooth  and 
show  double  or  treble  nuclei  readily  on  the  action  of  acetic 
acid,  the  discharge  is  of  a  more  or  less  laudable  kind,  and  more 
likely  to  be  produced  by  a  simple  catarrh,  than  if  the  action  of 
acetic  acid  brings  into  view  irregular  or  ill-defined  nuclei. 

3.  Phosphates. — Especially  in  chronic  diseases  and  in  alka- 
line urine.  The  presence  of  the  triple  phospliate  is  not  signi- 
ficant unless  present  in  freshly  voided  urine ;  it  then  points  to 
the  occurrence  of  decompositions  in  the  contents  of  the  bladder 
and  to  the  possible  formation  of  stone.  Crystalline  phosphate 
of  lime  is  said  frequently  to  accompany  the  waste  of  tissue 
occurring  in  phthisis,  diabetes,  paralysis,  &c.  Amorphous  phos- 
phates, if  persistent,  indicate  a  low  state  of  health,  and  may 
precede  the  formation  of  urinary  calculi. 

4.  ?7Wc  Acid  and  Urates. — In  acute  fevers  or  exacerba- 
tions of  chronic  febrile  conditions  these  are  frequent.  In  ;i 
state  of  health  a  deposit  often  occurs  after  excessive  bodily 
exertion,  profuse  sweating,  excess  of  food,  late  hours,  &c.  A 
sediment  of  uric  acid  alone  is  very  infrequent,  but  it  has  been 
met  with  in  leukaemia.  If  the  uric  acid  is  deposited  early  in 
fresh  urine  it  points  to  a  uric  acid  diathesis,  gravel,  or  the 
formation  of  a  calculus.  The  occasional  appearance  of  urates 
or  of  uric  acid  is  of  no  importance ;  it  is  only  their  constant  or 
frequent  occurrence  that  indicates  some  error  in  one  or  more 
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of  the  body  functions.  The  deposit  is  frequently  present  in 
derangements  of  the  digestive  and  hepatic  functions.  Very 
red  urates  are  commonly  associated  with  disease  of  the  liver. 

5.  Oxalate  of  Lime, — Schultzen  states  that  there  is  a 
daily  excretion  of  O'l  gram  of  the  oxalate,  but  it  is  increased 
after  certain  foods,  drugs,  or  irregularities  of  diet ;  thus  after 
sugar  in  excess,  tomatoes,  rhubarb,  sorrel,  gentian,  valerian,  &c.  ; 
also  after  excesses  of  carbonated  drinks,  such  as  champagne, 
seltzer,  or  soda  water,  &c.,  or  of  alkaline  bicarbonates  or  alkaline 
salts  of  the  vegetable  acids;  likewise  in  disturbed  respiration, 
hindering  absorption  of  oxygen,  and  thus  leading  to  incomplete 
oxidation  of  certain  of  the  non-nitrogenous  constituents  of  the 
food,  as  in  chronic  pleurisy,  tubercle  of  the  lung,  emphysema, 
and  in  dyspepsia,  &c.  It  may  show  itself  also  in  subacute 
rheumatism,  diseases  of  the  spinal  cord,  pityriasis,  or  sperma- 
torrhoea; and  Meckel  is  of  opinion  that  a  deposition  of  the 
oxalate  occurs  in  the  mucus  of  the  urinary  tract  under  certain 
specific  catarrhal  conditions.  A  deposit  of  this  body  is  frequently 
found  associated  with  a  series  of  nervous  and  dyspeptic  symptoms 
indicating  what  is  termed  an  oxalic  acid  diathesis,  and  consti- 
tuting oxaluria ;  a  modified  form  of  this  may  also  accompany 
many  diseased  conditions,  as  anaemia,  cancer,  and  jaundice. 
Excess  of  acid  in  the  system,  moreover,  is  said  to  cause  an 
increase  in  the  discharge  of  the  oxalate,  together  with  an  excess 
of  j)hosphate  of  lime — a  condition  frequently  associated  with 
flatulent  dyspepsia. 

In  most  of  these  diseases  in  which  the  oxalate  is  abundant 
there  is  probably  more  or  less  of  an  increased  tissue  metabolism, 
the  urine  at  the  same  time  containing  an  excess  of  urea,  urates, 
and  phosphoric  acid. 

The  crystals  of  this  body  are  soluble  in  a  solution  of  acid 
sodic  phosphate  ;  after  the  urine  has  been  passed  this  phos- 
phate gradually  diminishes,  and  accordingly  the  oxalate  is 
deposited. 

6.  Hijypiiric  Acid. — After  the  use  of  fruit,  paiticularly 
cranberries,  after  the  ingestion  of  benzoic  acid,  and  in  cases  of 
diabetes  and  chorea. 

7.  Tyrosin  indicates  a  great  decomposition  of  protein  sub- 
stances, but  at  the  same  time  the  occurrence  of  some  break  in 
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the  continued  downward   metamorphosis,  as  in  acute  atrophy 
of  the  liver. 

8.  Xanthin  and  Hypoxanthin  have  been  observed  in  leu- 
kaemia and  after  the  use  of  sulphur  baths. 

9.  Cholesterln  has  been  found  accompanying  purulent  dis- 
charges and  in  old  inflammations  of  the  kidney  and  its  pelvis. 

10.  Sarcince  are  frequent  in  spinal  cord  affections,  together 
with  pus,  phosphates,  and  ammonic  carbonate  (Heller). 

11.  AlgcB  and  Fungi  appear  particularly  in  diabetic  urine. 


CHAPTEE   XXIX. 

URINARY  CASTS. 

In  most  cases  of  renal  disease,  such  as  congestion,  inflammation, 
and  the  like,  in  which  albumin  makes  its  appearance  in  the 
urine,  we  also  find  casts  of  the  uriniferous  tubules,  but  the 
casts  appear  later  than  the  albumin  (Overbeck).  With  the 
appearance  of  albumin  in  the  urine  a  diseased  condition  of  the 
epithelial  lining  of  the  urinary  tubules  sets  in  (Senator)  ;  but 
Perls  has  obtained  casts  by  compressing  the  renal  veins, 
without  any  diseased  condition  of  the  epithelium  showing  itself; 
the  occurrence,  nevertheless,  of  a  primary  disease  of  the 
glomeruli  in  these  cases  is  very  probable  (Nussbaum).  Some 
of  the  fibrin-formers  in  the  blood  transude  into  the  tubes,  and 
there  undergoing  coagulation  form  casts  of  these  tubes,  and 
according  to  the  condition  and  character  of  the  tube  at  the  time 
the  appearance  of  the  cast  will  vary.  When  the  cast  is  dis- 
lodged and  forced  onwards  it  may  carry  with  it  the  epithelium 
that  lined  the  tube,  or  it  may  be  a  mould  of  the  lumen  of  the 
tube  alone ;  of  course  when  the  cells  are  discharged  with  the 
cast  their  character  may  often  afford  evidence  of  the  condition 
of  the  kidney :  thus,  should  the  epithelium  be  degenerating, 
the  altered  cells  will  give  evidence  of  this  ;  so  also  the  presence 
of  blood  corj)uscles  would  indicate  haemorrhage,  and  that  of  pus 
cells  the  existence  of  suppuration. 

It  is  difficult,  however,  to  understand  how  a  cast  of  a  con- 
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voluted  tube  could- find  its  way  into  the  uriue  if  it  has  first  to 
pass  through  the' narrow-looped  tube  of  Henle,  unless  this  had 
previously  undergone  dilatation,  which  is  just  possible  ;.  and,  on 
the  other  hand,  it  does  not  appear  probable  that  all  the  casts 
found  in  the  urine  come  from  the  collecting  tubes  alone, 
although  ViRCHOW  was  long  of  opinion  that  almost  constantly. 


Fig.  38.— Renal  Casts. 

A.  Renal  Casts.— 1.  Epithelial  casts :  the  middle  one  of  the  three  is  highly  magnified  ;  in  that  to 

the  right  the  cells  are  scattered.    2.  Granular  casts  :  in  the  highest  one  there  are  blood 
corpuscles.    3.  Hyaline  casts  of  large  and  small  diameter.    4.  Patty  casts. 

B.  Renal  Cells.— a  in  a  normal  and  6  in  a  state  of  fatty  degeneration  ;  c,  free  fatty  granules. 

C.  Bodies  that  may  be  mistaken  for  casts  :  (1)  mucus  and  (2)  spermatic  casts  ;  (3)  human  hair  ; 

(4)  woollen  hair ;  (5)  flax  and  (6)  cotton  fibres. 

if  not  invariably,  the  casts  were  formed  in  these  tubes.  It  is 
possible  also  that  small  casts  may  grow  larger  by  successive 
deposition  of  new  layers  on  their  exterior. 

Classification  of  Casts. —  Casts  are  of  various  kinds,  of  which 
the  following  are  examples : — 

I.  1.  Epithelial,  which  indicate  a  desquamation  of  the 
urinary  tubules. 
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2.  Hyaline,  mostly  long  and  narrow,  and  often  so  trans- 
parent and  homogeneous  as  to  escape  observation  unless  the 
deposit  has  been  treated  with  some  iodine  or  magenta  solution. 
Most  of  these  hyaline  casts  swell  up  in  pure  water,  and  dissolve 
in  it  between  30°  to  40""  or  at  60°.  They  are  also  soluble  in 
10  per  cent,  solutions  of  carbonate  of  soda  or  ammonia,  in  the 
mineral  acids  and  the  caustic  alkalies ;  they  shrink  up  in 
alcohol,  and  in  solutions  of  tannic  acid  and  the  salts  of  the 
heavy  metals;  and  when  heated  with  Millon's  reagent  are 
coloured  violet.  These  may  be  the  so-called  fibrin  cylinders 
or  the  amyloid  casts,  the  latter  of  which  glisten  like  wax  and 
are  perfectly  homogeneous,  but  giving  the  blue  reaction  with 
iodine  and  sulphuric  acid. 

3.  Brownish  yellow  nucleated  or  granular  casts  are 
generally  wider  in  diameter  than  the  hyaline  casts,  and  often 
present  fatty  particles  or  degenerated  epithelial  cells  in  their 
interior.  They  do  not  swell  up  in  water  or  in  solutions  of 
sodium  choride  or  carbonate,  nor  shrink  in  alcohol  or  tannic 
acid ;  but  they  dissolve  in  hydrochloric  (1  per  cent.)  and  glacial 
acetic  acid,  and  in  alkaline  solutions. 

4.  Fatty  Casts. — The  fatty  particles  may  be  studded  over  a 
transparent  cast  or  collected  in  dark  granular  masses. 

5.  Blood  Casts  may  appear,  sometimes  consisting  almost 
entirely  of  blood  corpuscles  closely  adherent  and  not  much 
altered  in  appearance,  or  presenting  a  few  scattered  corpuscles 
along  a  fibrinous  cast,  or  of  corpuscles  that  have  been  as  it 
were  crushed  together. 

6.  Pus  Casts  have  also  been  described. 

Eeddish  brow^n  cylinders,  made  up  of  collections  of  urates 
or  accumulations  of  bacteria,  may  make  their  appearance  in 
urine. 

II.  Cornil  admits  four  varieties  of  casts — mucous,  albu- 
minous or  hyaline,  epithelial,  axid.  fibrinous.  (1)  The  mucotis 
are  pale,  with  ill-defined  outline,  and  occasionally  with  a  finely 
granular  aspect ;  they  are  not  stained  by  carmine.  (2)  The 
albuminous  or  hyaline  possess  well-marked  outlines,  and  are 
often  very  long  and  twisted  ;  they  are  soluble  in  caustic  potash, 
insoluble  in  acetic  acid,  and  coloured  by  iodine  and  carmine. 
(3)  The    epithelial  present  swollen   epithelial  cells,  that   are 
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generally  very  granular  in  appearance  and  infiltrated  with  fatty 
particles.     (4)  TKe  fibrinous  are   finely  striated  or  granular, 
often   containing  blood  corpuscles   and   swelling  up  and   be- 
coming more  hyaline  in  acetic  acid. 
III.  Leube  gives  the  following : — 

1.  Blood  casts,  consisting  of  coagulated  blood. 

2.  Hyaline  casts,  mostly  very  small  and  colourless,  and 
may  be  homogeneous,  slightly  striated,  or  molecular  in  appear- 
ance ;  they  may  contain  leucocytes  or  epithelial  cells,  and  are 
strongly  coloured  by  gentianin. 

These  are  generally  regarded  as  fibrinous,  but  more  correctly 
they  should  be  looked  on  as  albuminoid  in  their  nature,  as  they 
do  not  give  the  reactions  of  fibrin  (Rovida).  That  they  arise 
as  the  result  of  a  coagulation  of  some  kind,  under  the  influence 
of  dying  leucocytes,  there  seems  every  reason  to  believe  ;  and 
it  may  be  possible  that  the  fibrin  has  been  metamorphosed  in 
some  way. 

3.  EpitheliaL — (a)  Simple  unaltered — the  cells  distinct. 
(6)  Metamorphosed  epithelium — generally  yellowish  in  colour ; 
the  epithelial  characters  not  always  very  evident ;  sometimes 
the  appearance  may  be  almost  homogeneous. 

They  are  generally  broader  than  the  hyaline  casts,  and  may 
present  in  their  interior  more  or  less  altered  epithelial  cells, 
fatty  particles,  micrococci,  wandering  cells,  crystals,  or  precipi- 
tates of  uric  acid,  &c. 

The  cells  of  the  epithelial  casts  either  break  up  into  a  finely 
granular  mass,  which  later  assumes  a  hyaline  appearance,  or 
they  may  swell  up,  run  together,  and  become  homogeneous  at 
once. 

Examination  of  Casts. — The  specimen  of  urine  should  be  laid 
aside  in  a  small  conical  vessel  and  allowed  to  settle.  With  a 
pipette  a  little  of  the  sediment  is  removed  and  examined  under 
the  microscope.  On  account  of  the  transparency  of  some  of  the 
casts  the  examination  should  be  made,  in  case  of  doubt  or  diffi- 
culty, with  a  comparatively  faint  illumination  through  a  small 
diaphragm,  and  sometimes  it  is  advisable  to  stain  the  deposit 
with  a  little  magenta;  and  where  there  is  very  little  sediment  it 
is  often  advantageous  to  allow  the  deposit  to  form  in  a  pipette 
whose  upper  orifice  is  closed. 
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Pathology. — In  many  afiections,  sncli  as  fevers,  severe  injflatnina- 
tions,  and  the  like,  casts  may  appear  in  the  urine,  and  probably  result 
from  some  affection  of  the  kidneys  (congestion  or  the  like)  dependent 
upon  the  primary  disease  ;  but  simple  hypersemia  of  the  kidneys,  it 
should  be  remembered,  does  not  necessarily  produce  casts.  Casts  are 
generally  present  in  albuminuria  of  renal  origin  ;  but  in  some  forms 
of  renal  affection  they  are  very  scanty,  and  accordingly  difficult  of 
detection.  Oasts  are  found  in  (1)  acute  nephritis,  either  idiopathic  or  as 
a  sequela  of  scarlatina,  cholera,  typhus,  or  variola  ;  and  in  (2)  chro7iic 
Bright' s  disease.  Although,  therefore,  casts  point  to  renal  affection, 
we  must  not  at  once  conclude  the  existence  of  Bright's  disease. 
The  irritation,  for  example,  of  a  renal  calculus  may  induce  their 
formation  ;  and  in  the  urine  of  jaundice  they  may  be  found  without 
any  renal  disease :  indeed,  it  is  possible  for  an  occasional  cast  to  be 
found  in  perfectly  healthy  urine. 

Significance  of  Casts. — We  must  not  expect  to  find  in  one  case 
epithelial  casts  alone,  in  another  only  granular  casts,  in  ar.obher  fatty 
casts,  and  in  another  large  waxy  casts,  and  so  on  ;  but  several 
varieties  may  be  met  with  in  the  same  case,  and  the  diagnosis  must 
be  founded  upon  the  relative  proportion  of  the  different  casts  and  of 
other  deposits,  as  no  one  form  can  be  regarded  as  pathognomonic 
of  any  particular  disease  of  the  kidneys.  Thus  the  presence  of  uric 
acid  crystals,  blood  corpuscles,  and  renal  cells  points  to  the  case  being 
acute,  while  the  occurrence  of  a  number  of  oil  casts  renders  it 
probable  that  the  case  is  chronic  (Beale).  Epithelial  and  blood  casts 
as  a  general  rule  are  typical  of  a  disease  of  recent  origin  ;  transparent, 
large,  waxy  casts,  mixed  with  dark  granular  casts,  point  to  a  chronic 
disease;  and  epithelium  and  casts  containing  much  fat  indicate  fatty 
degeneration  (Roberts). 

Hyaline  cylinders  are  found  in  all  cases  of  albuminuria,  whether 
of  nervous  or  organic  origin,  and  in  urine  of  fevers,  and  they  are 
especially  frequent  in  glomerular  nephritis  and  contracted  kidney, 
although  in  this  last  epithelial  casts  are  also  present.  The  few  casts 
that  are  met  with  in  amyloid  kidney  are  mostly  hyaline ;  but  as  this 
latter  condition  is  frequently,  associated  with  chronic  inflammation 
other  forms  of  casts  may  be  present,  as  also  leucocytes  and  blood 
corpuscles.  In  chronic  nephritis  especially  the  number  of  casts  is 
particularly  great,  and  there  may  be  nucleated  epithelial  casts,  or 
hyaline  casts  very  broad  and  long,  pale  or  dark  yellow  ;  and  together 
with  the  casts  blood  corpuscles,  fatty  detritus,  and  degenerated  fatty 
cells  are  present.  In  acute  croupous  nephritis  the  number  of  the  casts 
is  also  considerable,  and  they  may  be  of  the  hyaline  or  epithelial 
variety ;  they  are  associated  with  a  copious  deposit  of  blood  corpuscles 
and  epithelial  cells  from  the  kidney. 
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CALCULI. 


In  the  following  chapter,  for  the  sake  of  convenience,  biliary  as 
well  as  urinai^y  calculi,  &c.,  will  be  considered.  The  substances 
that  go  to  form  these  bodies  are  comparatively  few  in  number. 
They  are  uric  acid  and  urates,  phosphate  of  lime  and  magnesia, 
oxalate  and  carbonate  of  lime,  carbonate  of  magnesia,  cholesterin, 
xanthin,  cystin,  biliary  pigments,  and  coagula. 

Occasionally  calculi  may  consist  entirely  of  one  constituent, 
but  it  is  more  frequent  to  find  two  or  more  arranged  in  layers ; 
but  although  most  usually  consisting  of  several  constituents, 
one  generally  predominates,  and  the  calculus  is  named  accord- 
ingly. The  combinations  most  commonly  met  wdth  are  uric  acid 
and  urates  ;  uric  acid,  urates,  and  earthy  phosphates  ;  oxalate 
of  liine  and  earthy  phosphates ;  uric  acid,  urates,  and  oxalate 
of  limiB ;  uric  acid,  urates,  oxalate  of  lime,  phosphate  and  car- 
bonate of  lime,  and  triple  phosphate.  These  calculi  are  usually 
formed  of  layers,  generally  concentrically  arranged  around  a 
nucleus  of  some  kind,  which  may  be  a  small  calculus  of  renal 
origin,  a  clot  of  blood,  some  mucus,  epithelium,  or  a  foreign 
body ;  and  in  the  case  of  uric  acid  calculi  oxalate  of  lime  very 
frequently  forms  the  nucleus,  while  for  other  calculi  the  most 
frequent  nucleus  is  uric  acid  itself. 

In  80*9  per  cent,  urinary  calculi  the  nucleus  consists  of 
uric  acid  or  urates,  in  8*6  i>er  cent,  of  earthy  phosphates,  in 
5'Q  per  cent,  of  calcium  oxalate,  in  3*3  per  cent,  of  foreign 
bodies,  and  in  1'4  per  cent,  of  cystin  (Ultzmann). 

The  following  is  the  frequency  'per  cent,  of  the  different 
uiinary  calculi  (Fourcroy  and  Vauquelin)  : — 

Per  cent. 

Uric  acid 25-0 

Oxalate  of  lime .     20-0 

Urate  of  ammonia  and  earthy  phosphates  .  .  .11-7 
Oxalate  of  lime  and  nric  acid  in  layers  ....  5*0 
Oxalate  of  lime  and  earthy  phosphates  ....       2-5 

Earthy  phosphates 2*5 

All  other  calculi,  as  cystin,  xanthin,  &c.  .         .         .8-8 
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To  see  the  concentric  layers  of  a  calculus  divide  it  equa- 
torially  with  a  fine  saw,  then  grind  the  cut  surface  on  a  hone 
with  water,  and  having  washed  and  dried  it,  apply  a  coat  of 
varnish.  In  the  case  of  small  brittle  calculi  it  is  better  to  grind 
half  the  calculus  away.  No  definite  crystalline  structure  is 
usually  to  be  seen  unless  occasionally  on  the  surface. 

Different  Forms  of  Calculi,  with  their  General  Characters. — 
1.  The  most  frequent  urinary  calculi  are  those  consisting  of 
uric  acid.  To  other  calculi  they  may  be  said  roughly  to  stand 
in  the  proportion  of  two  to  three,  or  according  to  some  authorities 
they  form  only  one-fourth  of  all  calculi.  They  are  hard, 
generally  of  a  flattened  ovoid  shape,  and  of  all  sizes  from  a  pin's 
head  up  to  a  goose's  egg  ;  in  colour  they  are  reddish  or  yellowish 
brown,  smooth  or  slightly  tuberculated  on  the  surface,  and 
crystalline  or  earthy  in  structure,  consisting  of  a  series  of  con- 
centric layers.  The  calculus  evolves  an  odour  of  burnt  horn 
when  heated  on  platinum  foil,  and  is  soluble  in  a  dilute  warm 
solution  of  caustic  potash,  from  which  it  is  precipitated  by 
carbonic  or  acetic  acid. 

2.  Urates. — These  calculi  usually  contain  soda,  ammonia^ 
and  lime,  and  commonly  oxalate  of  lime  is  also  present. 

(a)  Urate  of  ammonia  calculi  are  rare,  being  occasionally 
met  with  in  young  children.  They  are  small,  rounded,  smooth 
or  slightly  tuberculated,  and  of  a  pale  slate  or  clay  colour,  but 
in  the  fresh  state  of  a  dull,  opaque  white. 

(6)  Simple  urates  of  soda  and  lime  are  not  found  forming 
calculi  of  themselves, but  they  are  often  present  with  other  bodies. 

3.  Oxalate  of  lime  calculi  are  frequently  met  with,  according 
to  some  authorities  forming  one-fifth  of  all  calculi.  They  have 
most  commonly  a  nucleus  of  uric  acid  or  urate  of  lime,  and  are 
often  of  considerable  size,  brownish  in  colour  or  of  a  dark  olive 
or  dirty  purple  tint  (mulberry  calculi),  and  possessing  a  very 
irregular  and  rugged  surface,  by  which  they  can  be  recognised. 
They  may  also  be  met  With  in  the  form  of  small  oval  or  rounded 
bodies,  smooth  and  even  polished  on  the  exterior — the  so-called 
hemp-seed  calculi.  The  white  crystalline  variety  is  compara- 
tively unfrequent.  An  oxalate  stone  with  a  phosphatic  crust 
is  a  frequent  form.  Most  mixed  calculi  contain  more  or  less  of 
the  calcic  oxalate. 
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The  powdered  calculus  is  insoluble  in  acetic  acid,  but  readily 
soluble  in  dilute  'mineral  acids,  and  precipitable  therefrom  by 
ammonia  in  excess. 

These  calculi  may  begin  to  be  formed  in  the  kidney,  and 
when  they  arrive  in  the  bladder  fresh  oxalate  may  be  depo- 
sited, or  uric  acid  or  phosphates,  according  to  the  condition  of 
the  urine. 

4.  Calculi ^  of  the  phosphates  are  common.  Less  than  10 
per  cent,  of  all  calculi  have  a  nucleus  of  mixed  phosphates, 
but  they  enter  into  the  composition  of  at  least  34  per  cent. 
They  are  generally  light  in  colour  and  earthy  in  appearance. 
While  the  phosphates  are  very  often  deposited  on  other  calculi 
it  is  rare  to  find  uric  acid,  urates,  or  oxalate  of  lime  deposited 
on  the  phosphates. 

The  mere  presence  of  deposits  of  the  earthy  phosphates  in 
the  bladder,  without  the  presence  of  some  binding  material 
like  mucus  or  blood,  is  insufficient  to  give  rise  to  a  calculus 
(Thudichum). 

{a)  Phosphate  of  lime  calculi  are  usually  smooth  on  the 
surface,  and  their  lamellae  are,  as  a  rule,  very  regularly 
arranged,  separating  readily  in  thin  crusts.  They  are  almost 
infusible  before  the  blowpipe.  These  calculi  are  easily  soluble 
in  nitric  acid,  and  are  precipitated  in  a  gelatinous  form  from 
this  solution  by  excess  of  ammonia.  If  the  precipitate  is  dis- 
solved in  acetic  acid  the  solution  will  give  a  yellowish  white 
precipitate  of  phosphate  of  iron  on  the  addition  of  a  drop  of 
ferric  chloride,  and  a  white  precipitate  of  oxalate  of  lime  on  the 
addition  of  oxalate  of  ammonia. 

These  calculi  are  sometimes  found  in  the  kidney. 

( h)  The  triple  or  am7noniaco-r)iagnesian phosphate  is  some- 
what rare  as  the  sole  constituent  of  a  calculus,  but  it  consti- 
tutes a  large  bulk  of  the  mixed  forms.  It  is  of  a  drab  or  stone 
colour  and  its  surface  is  rough.  It  is  easily  soluble  in  hydro- 
chloric acid  and  precipitated  therefrom  by  neutralisation  with 
ammonia ;  boiling  with  caustic  potash  decomposes  it,  causing 
ammonia  to  be  evolved  and  magnesia  to  be  precipitated.  This 
calculus  swells  up,  gives  off  ammonia,  becomes  grey,  and  ulti- 
mately fuses  in  the  blowpipe  flame. 

(c)  The  fusible  calculus  is  a  mixture  of  the  triple  phos- 
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phate  and  of  the  phosphate  of  lime,  with  a  considerable  ad- 
mixture of  mucus  and  organic  matter.  Next  to  uric  acid  it 
is  the  most  common  component  of  calculi.  This  calculus  is 
generally  oval  or  irregular  in  shape  and  resembles  chalk  in 
appearance  and  consistency,  the  hardness  being  nearly  inversely 
proportional  to  the  amount  of  triple  phosphate  present.  It  is 
easily  fusible  before  the  blowpipe  without  being  consumed,  a 
property  that  characterises  it  and  has  given  to  it  its  name, 
evolving  ammonia  and  watery  vapour  in  the  process,  and 
leaving  behind  a  mixture  of  calcic  phosphate  and  magnesic 
pyrophosphate. 

The  powdered  calculus  is  readily  soluble  in  mineral  acids, 
and  is  reprecipitated  in  stellate  crystals  by  neutralising  with 
ammonia. 

5.  Xanthin  and  cystin  calculi  are  extremely  rare,  parti- 
cularly those  of  xanthin.  The  xanthic  calculus  (C5H4N4O2)  is " 
of  a  light  or  dark  yellowish  brown  colour,  with  occasional  scat- 
tered white  spots  glistening  like  wax  on  friction.  It  is  almost 
insoluble  in  water,  alcohol,  and  ether,  but  soluble  in  alkalies 
and  in  warm  hydrochloric  acid  ;  its  solution  in  nitric  acid  leaves 
a  bright  reddish  yellow  residue  on  evaporation,  wiiich  becomes 
a  violet  red  (not  a  purple  colour,  as  in  the  case  of  uric  acid) 
when  treated  with  caustic  potash.  Xanthin  solutions  give  a 
voluminous  yellow  precipitate  with  phosphomolybdic  acid. 
Xanthin  belongs  to  the  uric  acid  group  of  bodies  and  is  closely 
related  to  sarkin.  It  has  also  been  found  in  very  small  amount 
in  the  spleen  and  liver  and  in  muscle. 

The  cystin  calculus  is  more  or  less  transparent  and  w^axy  in 
appearance  and  crystalline  in  structure.  Cystin  calculi  scarcely 
form  1  per  cent.  ;  they  are  generally  small  and  may  consist  of 
pure  cystin,  when  they  are  of  a  yellowish  white  or  a  pale 
greenish  grey  colour,  or  of  cystin  combined  with  earthy  phos- 
phates, when  they  are  dirty  greenish  blue  or  grey,  or  of  a  fawn 
brown.  Cystin  dissolves  readily  in  ammonia,  and  the  solution 
on  evaporation  leaves  pure  cystin  in  six-sided  plates. 

6.  Fibrinous  calculi,  probably  only  the  residues  of  altered 
blood  clots,  resemble  yellow  wax,  and  are  soluble  in  acetic  acid 
and  caustic  potash,  but  insoluble  in  water,  alcohol,  and  ether. 

7.  Concretions  of  blood  and  of  fatty  or  saponaceous  sub- 
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stance  (urostealithj  are  occasionally  met  with,  as  also  calculi 
of  silica  Siiid  carbonate  of  lime.  The  carbonate  of  lime  cal- 
culi are  often  found  in  the  herbivora,  and  they  may  show 
themselves  in  great  numbers  in  the  kidneys  of  these  animals. 
They  are  mostly  white,  but  at  times  of  a  brown  or  violet 
colour. 

8.  Calculi  of  cholesterin,  generally  mixed  with  more  or  less 
bilirubin  and  calcic  phosphate,  which  are  frequent  in  the  gall 
bladder,  have  also  been  met  with  in  the  urinary  bladder,  in 
which  case  there  is  generally  a  layer  of  uric  acid.  But  there  is 
some  doubt  as  to  this  form  of  calculus,  and  in  one  of  the  cases 
in  which  it  was  found  a  communication  existed  between  the  gall 
bladder  and  the  urinary  bladder  through  a  patent  urachus. 

9.  Prostatic  Calculi, — These  are  found  in  the  follicles  of 
the  gland  ;  they  vary  much  in  size,  and  are  more  or  less  rounded, 
with  flattened  sides,  consisting  of  phosphate  of  lime  with  traces 
of  carbonate  of  lime  and  organic  matter. 

10.  Calculi  may  also  be  met  with  in  the  nasal  fossas,  in  the 
bronchial  tubes,  in  the  salivary  glands,  and  in  the  intestines. 
These  consist  generally  of  mucus,  epithelium,  albumin,  and 
earthy  phosphates  and  carbonates,  and  sometimes  also  a  little 
fat.     Indigo  has  been  found  in  a  renal  calculus  (Ord). 

Preliminary  Examination  of  a  Urinary  Calculus.— Make  a 
section  through  the  centre  and  scrape  some  of  the  substance  off  one  of 
the  cut  surfaces ;  sometimes  it  will  be  advisable  to  make  independent 
analyses  of  the  different  layers,  in  which  case,  of  course,  portions  of 
these  layers  will  be  collected.  A.  Some  of  the  powdered  calculus  is 
calcined  on  platiiium  foil.  The  foil  is  heated  to  redness  in  the  flame 
of  a  spirit  lamp,  and  if  a  carbonised  mass  remains  the  red  heat  is  to 
be  continued  until  it  disappears  or  forms  a  white  asli.  (1)  If  it  is 
carbonised,  then  burns,  and  leaves  no  sensible  residue,  it  most  pro- 
bably consists  of  uric  acid,  urate  of  ammonia,  or  such  rare  bodies  as 
cystin,  xanthin,  or  fibrin.  (2)  If  it  carbonises  at  first,  then  burns, 
and  leaves  a  sensible  residue,  it  contains  both  organic  and  mineral 
constituents.  Uric  acid  is  the  most  frequent  organic  constituent; 
accordingly  it  should  be  looked  for,  and  some  of  the  powdered  calculus 
should  be  boiled  with  excess  of  water  and  filtered  while  hot.  Let  the 
filtrate  cool,  and  a  deposit  indicates  urates  of  soda,  lime,  or  potash  ;  or 
evaporate  the  filtrate  to  the  sixth  of  its  volume,  and  uric  acid  and 
any    urates   present    will   be   thrown    down.     Ammonia,  lime,  and 
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magnesia  may  also  be  present,  and  these  can  be  detected  as  follows: 
Boil  a  little  of  the  filtrate  with  a  few  drops  of  caustic  potash,  and  test 
the  vapour  given  off  with  a  rod  moistened  with  hydrochloric  acid  • 
the  presence  of  ammonia  will  be  indicated  by  white  fumes  as  well  as 
by  the  smell.  Then  add  to  the  rest  of  the  filtrate  some  chloride  of 
ammonium  and  carbonate  of  soda  :  a  white  precipitate  indicates  lime  * 
filter,  and  add  to  the  filtrate  a  little  ammonia  and  sodic  phosphate  : 
a  precipitate  indicates  magnesia. 

The  residue  insoluble  in  the  boiling  water  may  contain  phosphates 
or  oxalates.  Treat  it  with  acetic  acid  and  filter.  The  filtrate  will 
contain  the  earthy  phosphates. 

Wash  the  residue  and  dissolve  it  in  hydrochloric  acid  :  if  it  dis- 
solves without  effervescence,  and  the  solution  supersaturated  with 
ammonia  gives  a  crystalline  precipitate,  oxalate  of  liine  is  present. 

(3)  If  the  calculus  leaves  a  residue  and  undergoes  little  or  no 
blackening  under  the  heat,  it  is  composed  of  inorganic  substances,  of 
which  the  most  frequent  are  oxalate  of  lime  and  the  phosphates. 

B.  Digest  some  of  the  powdered  calculus  with  caustic  ammonia, 
filter,  and  evaporate  the  filtrate,  when,  if  cystin  is  present,  micro- 
scopic hexagonal  tables  will  be  obtained,  which  dissolve  in  caustic 
potash,  and  when  boiled  with  an  alkaline  solution  of  plumbic  oxide 
give  a  deposit  of  lead  sulphide. 

C.  Dissolve  a  little  of  the  calculus  in  nitric  acid  and  evaporate 
the  solution  to  dryness :  (a)  a  yellow  residue  rendered  orange  by 
caustic  potash  in  the  cold,  but  violet  when  heated,  indicates  xanthin ; 
while  [b)  a  pink  residue  which  gives  a  purple  colour  with  ammonia 
marks  uric  acid. 

Examination  of  a  Biliary  Calculus. — Biliary  calculi  (see  Bile) 
may  contain  any  of  the  following  :  cholesterin,  pigments,  biliary  acids, 
mucus  and  epithelium,  earthy  salts,  particularly  carbonate  of  lime, 
and  fats,  like  palmitin.  Cholesterin  is  the  most  abundant  ingredient, 
and  often  it  occurs  alone  or  combined  with  a  variable  amount  of 
biliary  pigment. 

Analysis. — Powder  the  calculus,  digest  with  hot  alcohol,  and 
filter  :  the  filtrate  contains  fat  and  cholesterin  ;  the  latter  will  separate 
in  crystiils  on  the  alcohol  cooling,  and  the  fat  will  be  obtained  by 
evaporating  the  alcoholic  solution  after  the  separation  of  the  choles- 
terin. Some  of  the  resinous  products  of  the  decomposition  of  bile 
may  also  be  found  with  the  fat.  The  residue  left  after  the  action  of 
the  alcohol  is  to  be  treated  with  dilute  hydrochloric  acid,  which 
dissolves  up  the  inorganic  salts,  and  any  effervescence  will  indicate 
the  presence  of  carbonic  acid.  The  undissolved  residue  consists  of 
biliary  pigments,  which  are  to  be  tested  with  nitric  acid. 
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The  following,  method  may  be  adopted  :  Digest  a  little  of  the 
powdered  calculus  with  hot  benzole  and  filter;  this  removes  the 
cholesterin.  Wash  the  residue  with  alcohol,  then  dry  it  and  treat  it 
with  ether  and  a  few  drops  of  nitric  acid ;  the  fatty  acids  are  thus 
removed.  What  is  left  on  the  filter  is  now  washed  with  water,  when 
the  phosphates  and  nitrate  of  lime  and  magnesia  are  extracted.  The 
final  residue  contains  the  biliary  pigments  mixed  with  a  little  earthy 
salts  (Thudichum). 

So  far,  then,  as  the  action  of  heat  is  concerned  we  find  that 
calculi  may  be  arranged  in  three  classes, 

1.  Combustible — uric  acid,  urate  of  ammonia,  cystin,  xan- 
thin,  cholesterin,  biliary  pigments,  and  coagula. 

2.  Partially  combustible — urates  of  soda,  potash  and  lime, 
and  oxalate  of  lime. 

3.  Incombustible — inorganic  constituents  alone. 

By  means  of  the  following  table  (Salkowski)  a  calculus  can 
be  readily  identified. 

Powder  the  calculus  finely  and  burn  a  little  on  platinum 
foil,  noting  whether  it  consumes  away  completely  or  only 
partially. 

I.  Completely  Gomhustible, — Digest  a  little  of  the  powder 
with  dilute  hydrochloric  acid  and  warm  gently. 

a.  The  powder  dissolves  completely  or  nearly  so  :  cystin^  xanthin. 

(1)  Treat  a  little  of  the  powdered  calculus  with  ammonia  and 
filter  :  on  evaporating  the  filtrate  cystiu  crystals  are  left  behind. 

Cystin  stones  are  generally  small,  smooth,  and  yellow. 

(2)  Dissolve  a  little  of  the  powdered  calculus  in  a  porcelain  dish 
with  nitric  acid  and  evaporate  :  a  bright  yellow  xanthin  residue,  that 
becomes  violet  red  when  treated  with  caustic  potash. 

Xanthin  stones  are  very  rare. 

h.  The  powder  dissolves  imperfectly  or  not  at  all.  Filter,  and 
wash  the  insoluble  residue. 

(1)  ^\ie  residue  :  uric  acid. 
Confirm  by  the  murexid  test. 

The  stones  are  variable  in  size,  moderately  hard,  and  reddish 
yellow  or  brownish  in  colour. 

(2)  The  filtrate  may  contain  ammonium  chloride,  xanthin,  or 
cystin. 

Try  for  ammonia  by  warming  a  little  of  the  solution  with 
sodic  carbonate  or  hydrate,  and  testing  the  vapour  by  the  smell,  with 
red  litmus,  and  with  hydrochloric  acid  fumes. 

P  P 
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Stones  of  urate  of  ammonia  are  mostly  very  friable  and  of  a  dirty 
greyish  or  yellowish  white  colour. 

A  mixture  of  xanthin  and  cystin  is  rare. 

II.  The  calculus  blackens,  hut  is  not  combustible.  A  slight 
blackening  indicates  the  presence  of  an  organic  urinary  con- 
stituent. 

Digest  some  of  the  finely  powdered  calculus  with  dilute  hydro- 
chloric acid  over  a  flame  :  a  rapid  escape  of  bubbles  indicates  carbonic 
anhydride. 

a.  Solution  complete  :  absence  of  uric  acid. 

h.  Solution  incomplete.  Filter  :  the  residue  may  be  uric  acid  or 
an  albuminous  body.  The  presence  of  uric  acid  is  easily  determined 
by  the  murexid  reaction. 

Render  the  JlUrate  weakly  alkaline  with  ammonia,  and  let  the  test 
tube  containing  it  stand  in  some  cold  water  for  a  short  time ;  then 
boil  it  and  acidify  with  acetic  acid  :  either  a  clear  solution  is  obtained 
or  a  white  pulverulent  precipitate.  (Yellowish  white  flocks  occasion- 
ally present  are  due  to  ferric  phosphate.  By  filtering  them  off, 
dissolving  in  hydrochloric  acid,  and  testing  the  solution  with  potassic 
ferrocyanide  a  blue  precipitate  is  obtained.) 

c.  The  white  jyulverulent  precipitate,  insoluble  in  acetic  acid, 
consists  of  oxalate  of  lime.  Collect  it  on  a  filter,  wash,  dry,  and 
ignite  it  on  platinum  foil :  carbonate  of  lime  is  obtained,  mixed  with 
a  little  caustic  lime ;  it  has  an  alkaline  reaction,  and  effervesces  on 
the  addition  of  hydrochloric  acid. 

d.  The  filtrate  may  contain  phosphoric  acid,  lime,  magnesia, 
potash,  or  soda. 

(1)  Test  a  portion  with  uranic  solution  or  a  drop  of  fen*ic  chloride  : 
a  yellowish  white  precipitate  indicates  phosphoric  acid. 

(2)  Treat  the  rest  of  the  filtrate  with  oxalate  of  ammonia  :  a  white 
precipitate  indicates  lime.     Warm  the  fluid  slightly  and  filter. 

(j)  To  a  part  of  the  filtrate  add  a  little  sodic  phosphate  and 
ammonia :  a  crystalline  precipitate,  that  forms  gradually,  is  triple 
phosphate  and  indicates  magnesia. 

{v^  Examine  another  part  of  the  filtrate  for  ammonia  by  boiling  it 
with  carbonate  of  soda  and  testing  the  vapour  with  litmus,  &c. 

(iij)  Test  a  third  part  for  soda  and  potash  (although  this  is 
scarcely  necessary)  as  follows  :  Evaporate  to  dryness,  ignite,  and  then 
dissolve  up  the  residue  in  water  to  which  a  few  drops  hydrochloric 
acid  are  added  ;  now  stir  well  in  a  white  porcelain  dish  with  a  little 
platinic  chloride,  and  a  yellow  crystalline  precipitate  indicates  jwtash. 
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If  the  precipitate  is  .transferred  to  a  slide  and  examined  under  the 
microscope  it  will  be  seen  that  the  crystals  of  the  potash  salt  are 
octohedral  and  do  not  polarise,  while  the  crystals  of  the  sodic  salt  are 
acicular  and  do  polarise.  The  flame  also  is  to  be  examined  spectro- 
scopically,  when  a  clean  platinum  wire  moistened  with  the  fluid  is 
inserted  in  it ;  note  also  if  the  flame  is  blight  yellow,  or  if  it  shows  a 
violet  tint  when  looked  at  through  a  piece  of  cobalt  glass. 

In  phosphatic  stones  we  generally  find  both  lime  and  magnesia, 
although  the  crystalline  phosphate  of  lime  may  occur  alone;  phos- 
phatic stones  are  also  more  or  less  white  and  earthy-looking. 


CHAPTER   XXXI. 

SYLLABUS  OF  PRACTICAL    COURSE. 

I.  Hydrocarbons. 

Starch. — 1.  Prepare  a  solution  (p.  2). 

2.  Note  the  precipitation  of  this  solution  by  tannic  acid  (p.  47), 

3.  Add  a  few  drops  of  solution  of  iodine  (p.  2)  to  a  little  of  the 
starch  solution,  and  a  blue  coloration  will  be  produced ;  also  irrigate 
the  scraping  of  a  sliced  raw  potato  upon  a  glass  sjide  with  some  of 
the  same  solution,  and  note,  under  a  high  power  of  the  microscope, 
the  dark  blue  staining  of  the  starch  granules. 

4.  Add  to  some  gelatinous  starchy  mucilage  a  little  lukewarm 
watery  infusion  of  malt,  and  warm  gently  for  a  few  minutes,. when  a 
thin  fluid  will  be  obtained  containing  sugar.  Lay  this  aside,  and 
test  it  afterwards  for  sugar  (p.  46). 

5.  Starch  is  a  colloid.  Show  this  by  means  of  a  small  dialyser 
(p.  47). 

Dextrin. — 1.  Prepare  by  boiling  a  little  starch  paste  with  dilute 
sulphuric  acid  (p.  48). 

2.  Test  with  iodine  solution,  and  note  the  red  coloration  ob- 
tained. 

3.  Note  its  precipitation  from  aqueous  solutions  by  the  addition 
respectively  of  alcohol,  lime  water,  and  a  mixture  of  ammonia  and 
basic  acetate  of  lead,  but  not  by  the  latter  salt  alone. 

Glycogen. — 1.  Prepare  by  Brucke's  method  (p.  50).  The  pre- 
sence of  glycogen  in  the  liver  has  thus  been  demonstrated. 

2.  Show  the  presence  of  sugar  in  the  liver,  which  has  been  derived 
from  a  conversion  of  the  glycogen  (p.  54). 

p  r  2 
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3.  Prepare  the  liver  ferment  (p.  56). 

4.  Test  the  glycogen  with  iodine  solution,  and  note  the  reddish 
coloration  (p.  56). 

5.  Test  also  with  caustic  potash  and  cupric  sulphate,  and  note  that 
the  blue  coloration  does  not  disappear  on  boiling  (p.  56). 

6.  Convert  glycogen  into  sugar  according  to  the  methods  given 
in  paragraphs  3,  4,  and  5,  p.  56,  and  lay  aside  to  be  subsequently 
tested  for  sugar. 

7.  Precipitate  a  watery  solution  with  acetate  of  lead. 

Grape  Sugar. — 1.  Prepare  from  cane  sugar  and  honey  (p.  61). 
3,  Boil  a  solution  with  half  its  volume  of  liquor  potassse,  and  note 
the  brown  tint  acquired  by  the  liquid. 

3.  Apply  the  copper  tests  on  p.  63. 

4.  Test  with  cupric  sulphate  and  caustic  potash  (p.  64). 

5.  Boil  a  little  of  the  solution  with  some  alkaline  solution  of  oxide 
of  bismuth  (p.  65,  iij),  and  note  the  brown  or  black  coloration  due  to 
the  metallic  reduction. 

6.  Apply  the  fermentation  test  according  to  method  a  or  d, 
p.  66,  and  examine  the  growing  yeast  under  the  microscope  (p.  68). 

7.  Determine  quantitatively  the  sugar  in  a  solution,  or  in  diabetic 
urine — 

(a)  with  a  saccharimeter  (p.  74) ; 

(6)  by  Fehling's  method  (p.  75) ; 

(c)  and  by  the  differential  density  method  (p.  80). 
Fats. — 1.  Shake  up  a  little  oil  in  a  test  tube  with  some  white  of 
egg,  and  note  the  formation  of  an  emulsion ;  then  examine  a  drop  of 
this  under  the  microscope,  when  the  oil  will  be  seen  to  be  broten  up 
into  small  globules,  varying  in  size  and  shape,  which  are  maintained 
apart  by  their  albuminous  coatings. 

2.  Shake  up  a  little  oil  with  some  caustic  potash,  and  the  oil  will 
be  saponified. 

3.  Apply  the  delicate  test  (p.  87,  l)  for  the  presence  of  a  fatty 
body. 

II.  Nitrogenous  Bodies. 

Albumins. — 1.  Prepare  an  albumin  solution  (p.  97). 

2.  Carefully  perform  test  1,  p.  98. 

3.  Test  with  nitric  acid  as  in  2,  p.  98,  using  a  very  dilute  albumin 
solution. 

4.  Test  with  picric  acid  in  the  same  way.     - 

5.  Add  some  acetic  acid  to  the  albumin  in  solution  and  then  a 
little  potassic  ferrocyanide. 
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6.  Add  some  acetic  acid  and  then  an  excess  of  a  saturated  solu- 
tion of  sodic  chloride  or  sulphate. 

In  all  the  above  precipitates  will  be  obtained. 

7.  Sejyaration  of  Albumin  from  its  Solutions. — Mix  equal  parts  of 
the  albumin  solution  and  of  a  solution  of  grape  sugar ;  acidify  the 
mixture  with  acetic  acid  and  add  an  equal  volume  of  a  saturated 
solution  of  sodic  sulphate ;  then  boil  for  some  time  and  filter.  The 
sugar  will  be  found  in  the  filtrate. 

Albuminates. — 1.  Prepare  an  alkali  albuminate  (p.  101,  a,  l), 
and  note  that  its  solution  is  not  coagulated  by  boiling. 

2.  Neutralise  a  solution  of  alkali  albumin  with  acetic  acid,  and 
observe  the  precipitate  that  appears. 

3.  Boil  a  little  solid  alkali  albumin  with  water;  divide  the  solu- 
tion into  five  portions,  and  proceed  as  follows  : — 

(a)  Pass  a  current  of  carbonic  acid  gas  through   one  of  the 

specimens,  and  a  precipitate  will  form. 

(b)  Saturate  another  with  powdered  magnesic  sulphate,  and 

a  precipitate  will  likewise  appear. 

(c)  Add  alcohol    to  a  third,  and  no  precipitate    will  show 

itself. 

{(l)  Neutralise  a  fourth  specimen  with  dilute  acetic  acid, 
and  a  precipitate  will  be  thrown  down. 

(e)  Add  a  little  sodic  phosphate  and  a  few  drops  of  litmus 
solution  to  another  specimen ;  then  neutralise  with 
dilute  acetic  acid,  and  it  will  be  seen  that  no  precipitate 
occurs  until  a  considerable  excess  of  the  aeid  has  been 
added. 

4.  Prepare  an  acid  albuminate  as  in  &,  1,  p.  101  ;  also  by  gently 
warming  a  dilute  solution  of  albumin  with  a  little  dilute  hydrochloric 
acid.  The  same  result  may  often  be  readily  obtained  by  rinsing  out  a 
test  tube  with  nitric  aeid,  and  then  pouring  into  it  a  little  very  dilute 
albumin  solution ;  the  whole  is  then  to  be  very  gently  warmed  for  a 
few  minutes. 

(a)  Boil  a  little  of  the  albuminate  thus  obtained,  and  it  will 
be  seen  that  if  the  conversion  has  been  complete  no  pre- 
cipitate will  appear. 
{b)  Neutralise  a  little  of  the  solution   with   dilute   caustic 
potash,  and  a  precipitate  will  show  itself,  which  will 
occur  even  after  the  addition  of  sodic  phosphate. 
Preparation    of    Certain    Other   Albumins. — 1.  Separate    serum, 
albumin  from  a  little  blood  serum  or  hydrocele  fluid  by  the  addition 
of  acetic  acid  drop  by  drop  till  a  flocculent  precipitate  is  obtained 
(p.  103). 
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2.  Prepare  vitellin  by  digesting  some  yolk  of  egg  with  water  and 
ether  so  long  as  any  yellow  coloration  is  extracted.  The  residue  is 
vitellin.  Dissolve  it  in  sodic  chloride  (10  per  cent.),  and  precipitate 
it  therefrom  by  adding  an  excess  of  water  acidulated  with  a  few  drops 
of  acetic  acid  (p.  106). 

3.  Separation  of  paraglohulin  from  the  lens.  E,ub  up  a  crystal- 
line lens  in  a  mortar  with  a  little  washed  sand,  then  with  some 
water,  and  filter  :  paraglohulin  is  present  in  the  filtrate,  and  is 
thrown  down  by  the  passage  of  a  current  of  carbonic  acid  gas,  or  by 
the  cautious  addition  of  dilute  acetic  acid  (pp.  106,  296). 

4.  Prepare  myosin  by  washing  some  finely  divided  muscle  in 
water,  and  rubbing  the  washed  mass  in  a  mortar  with  ammonic 
chloride  solution  (12  per  cent.) ;  strain  through  muslin  after  4  hours, 
and  then  filter,  allowing  the  filtrate  to  fall  drop  by  drop  into  a  tall 
cylinder  nearly  full  of  distilled  water.  The  myosin  separates  in  small 
fiocks  (p.  108). 

5.  Prepare  fihrinoplastin  by  diluting  blood  serum  with  ten  times 
its  volume  of  distilled  water  and  passing  a  stream  of  carbonic  acid 
gas  through  the  diluted  fluid  for  half  an  hour  (p.  110).  Show  also 
its  precipitation  by  the  addition  of  a  little  dilute  acetic  acid,  or  of  an 
excess  of  powdered  sodic  chloride. 

6.  Prepare yz^Wwo^en  by  diluting  hydrocele  fluid  with  ten  volumes 
of  water  and  then  passing  a  current  of  carbonic  acid  gas  through  the 
diluted  fluid  for  an  hour  or  so  (p.  110). 

7.  Dissolve  separately  the  fibrinogen  and  fihrinoplastin  thus  pre- 
pared (the  latter  contains  blood  ferment  mixed  with  it)  in  some  dilute 
solution  of  sodic  sulphate,  and  mix  the  solution  together  :  fibrin  will 
thus  be  generated. 

8.  Prepare  ^6rm  by  washing  some  blood  clot  (p.  114). 

9.  Prepare  casein  by  diluting  milk  with  ten  times  its  volume  of 
water,  then  acidifying  with  acetic  acid,  and  subsequently  passing  a 
current  of  carbonic  acid  gas  (p.  117). 

10.  Prepare  syntonin  by  digesting  for  a  few  hours  finely  minced 
muscle  in  dilute  hydrochloric  acid  (^-  per  cent.)  and  neutralising  the 
diluted  filtrate  therefrom  with  sodic  carbonate  (p.  118). 

11.  Test  some  purified  amyloid  substance  with  iodine,  and  with 
iodine  and  sulphuric  acid;  also  with  anilin  violet  (p.  123). 

Gelatin. — 1.  Boil  small  pieces  of  skin,  bone,  or  tendon  in  water 
for  several  hours,  skim  ofl*  the  oil  on  the  surface,  then  filter,  and  note 
that  the  filtrate  sets  on  cooling  (pp.  130  and  134). 

2.  Test  portions  of  a  hot- water  gelatin  solution  with — 

(a)  nlercuric  chloride,  tannic  acid,  and  alcohol,  and  note  the 
slimy  precipitates  obtained  with  each  reagent ; 
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{!))  nitric  acid,  acetic  acicl,  acetate  of  lead,  alum,  acetic  acid 
and-potassic  ferrocyanide,  and  note  the  absence  of  all 
precipitation  (p.  130). 
Chondrin. — To  a  solution  apply  the  following  tests  : — 
(a)  Dilute  nitric  and  acetic  acids  give  precipitates. 
(h)  Tannic  acid  gives  no  precipitate, 
(c)  Alum  gives  a  precipitate. 
Mucin. — 1.  Prepare  from  tendon  and  bile  as  on  p.  133. 
2.  Repeat    the   distinguishing   tests   for   gelatin,   chondrin,   and 
mucin  given  on  p.  134. 

III.  Some  Albumin  Derivatives. 

LeuGin  and  Tyrosin. — 1.  Prepare  from  shavings  of  horn  or  a 
mixture  of  fibrin  and  pancreas  (pp.  136-138). 

2.  Add  a  drop  of  nitric  acid  to  a  few  crystals  of  leucin  on  a  piece 
of  platinum  foil,  evaporate  at  a  gentle  heat ;  when  cool,  cover  the 
colourless  residue  with  a  few  drops  of  caustic  soda,  and  heat  again  : 
a  brownish  yellow  oily  drop  is  obtained  (p.  137). 

A  shining  brownish  yellow  residue  is  obtained  with  crystals  of 
tyrosin,  which  becomes  brown  on  the  addition  of  caustic  soda,  par- 
ticularly when  evaporated  to  dryness  (p.  140). 

3.  Cover  a  few  crystals  of  tyrosin  in  a  small  porcelain  dish  with 
a  few  drops  of  sulphuric  acid  ;  heat  gently  and  lay  aside  for  half  an 
hour ;  then  dilute  with  water,  rub  up  with  a  little  chalk,  filter,  and 
evaporate  the  filtrate  to  a  small  bulk ;  if  necessary  filter  it  again  : 
the  clear  filtrate  gives  a  violet  colour  on  the  addition  of  a  very  little 
dilute  solution  of  ferric  chloride. 

4.  Examine  under  the  microscope  the  crystals  deposited  from 
boiling  watery  and  alcoholic  solutions  and  from  ammonia,  and  compare 
their  api)earance  with  the  drawings  given  on  pp.  137  and  139. 

5.  The  urine  of  a  patient  suffering  from  acute  yellow  atrophy  of 
the  liver,  malignant  jaundice,  severe  typhus,  or  small-pox,  if  it  is 
available,  should  be  examined  according  to  the  directions  given  on 
p.  137.  The  leucin  will  also  be  readily  obtained  by  evaporating  some 
of  the  urine  to  a  syrup,  which  on  cooling  deposits  the  leucin  in  the . 
form  of  circular  yellowish  discs ;  but  if  these  are  separated  and  then 
dissolved  in  boiling  alcohol,  the  solution  on  cooling  will  deposit  white 
shining  crystalline  plates  which  are  insoluble  in  ether. 

IV.  The  Digestive  Juices  and  Digestion. 

Saliva. — 1.  Collect  some  in  a  small  beaker  as  in  p.  154. 

2.  Boil  a  little  saliva,  and  note  the  slight  turbidity  produced  from 
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the  precipitation  of  albumin ;  show  the  albumin  also   by  the  nitric 
or  picric  acid  test  (p.  98,  2  and  s). 

3.  Place  a  drop  of  saliva  upon  a  strip  of  filter  paper  that  has  been 
dried  after  immersion  in  an  amber-coloured  solution  of  ferric  chloride 
to  which  a  few  drops  of  hydrochloric  acid  have  been  added,  and  note 
the  red  stain  produced.  This  is  due  to  the  sulphocyanide  present  in 
human  saliva.  The  stain  is  removed  by  mercuric  chloride,  but  not  by 
hydrochloric  acid  (p.  174). 

4.  Prepare  starch  mucilage  (p.  163). 

5.  Convert  starch  into  sugar  by  the  addition  of  saliva,  as  in 
p.  163,  2;  then  iest  for  starch  and  sugar,  and  note  the  influence 
exerted  by  temperature,  acids,  &c.,  on  the  conversion  (p.  163). 

Gastric  Juice. — 1.  Prepare  some  artificial  juice  from  the  mucous 
membrane  of  a  pig's  stomach  (p.  154,  a  or  h). 

2.  Make  a  glycerin  extract  of  the  dried  and  finely  minced 
mucous  membrane  of  the  cardiac  end  of  a  pig's  stomach  (p.  160,  2), 
and  precipitate  the  pepsin  from  this  by  the  addition  of  absolute 
alcohol  in  excess. 

3.  Carefully  repeat  the  experiments  given  on  pp.  164, 165,  and  166 
(1  and  2),  noting  the  gradual  conversion  of  the  albumin  into  peptone 
and  the  preliminary  stage  of  an  acid  albumin;  then  apply  the 
distinguishing  peptone  tests  to  the  terminal  digestive  products 
(pp.  165,  166). 

Pancreatic  Juice. — 1.  Prepare  the  juice  according  to  the  directions 
given  on  p.  156,  3,  a,  mincing  up  a  fresh  pancreas,  covering  it  with 
absolute  alcohol,  and  rubbing  up  the  dried  mass  with  washed  sand  ; 
the  dilute  acetic  acid  is  then  added,  and,  after  mixing  well  together 
for  15  to  20  minutes,  the  whole  is  laid  aside  in  a  jar  and  covered  with 
glycerin.     Decant  the  glycerin  extract  in  3  days  and  filter. 

2.  Digest  fragments  of  boiled  fibrin  in  a  one  per  cent,  sodic 
carbonate  solution  to  which  a  little  of  the  above  glycerin  extract  has 
been  added  (p.  167). 

3.  Prove  a  partial  decomposition  of  the  peptone  formed  into  leucin 
and  tyrosin  (pp.  167,  168,  2,  a  and  h). 

4.  Add  a  little  of  the  glycerin  extract  to  some  starch  mucilage 
and  warm  gently  (p.  164) ;  test  for  sugar  after  a  few  minutes. 

5.  Mince  up  some  fresh  pancreas  very  fine,  and  digest  it  with  a 
little  warm  water,  filter,  and  neutralise  the  filtrate,  if  necessary,  with 
carbonate  of  soda. 

(a)  Rub  up  a  little  olive  oil  or  melted  lard  with  3  or  4 
times  its  volume  of  the  watery  infusion  in  a  small  warm 
mortar,  and  note  the  creamy  emulsion  formed. 

(6)  Shake  up  in  a  test  tube  a  few  drops  of  olive  oil  with  a 
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little  of  the  same  neutral  infusion,  and  warm  gently, 
taking  care  that  the  temperature  does  not  rise  very- 
much.  In  about  5  minutes  or  so  bring  a  drop  from  the 
bottom  of  the  tube  upon  a  piece  of  blue  litmus  paper, 
and  note  the  red  coloration  produced,  owing  to  the 
liberation  of  the  fatty  acid  by  the  saponification  that 
has  occurred  (p.  169). 

Y.  Bile  and  Blood,  &c. 

Bile. — 1.  Eepeat  the  two  experiments  given  on  p.  169,  and  show 
the  emulsifying  of  oil  by  bile,  and  the  more  ready  penetrability  by 
oils  of  a  membrane  moistened  with  this  fluid. 

2.  Apply  Pettenkofer's  reaction  to  some  bile  in  a  test  tube,  as  in 
1,  p.  202;  also  apply  the  modifications  h  and  d  given  on  the  same 
page. 

3.  Place  a  drop  of  diluted  bile  on  a  white  plate,  and  allow  a  drop 
of  yellow  nitric  acid  to  flow  into  it :  at  the  line  of  contact  a  series  of 
coloured  bands  will  make  their  appearance. 

4.  Examine  with  the  spectroscope  some  fresh  bile,  some  altered 
bile,  and  a  filtered  dilute  hydrochloric  acid  extract  of  bile  (p.  203,  3). 

5.  Prepare  the  biliary  acids  according  to  method  1,  p.  206. 

6.  The  Pettenkofer  reaction  should  be  repeated  with  some  of 
the  biliary  salts  prepared  as  above  (p.  209). 

7.  Prepare  bilirubin  from  biliary  calculi  accoi-ding  to  method  1, 
p.  212 ;  or,  if  dog's  bile  is  procurable,  according  to  method  3,  p.  213. 

8.  Dissolve  a  little  bilirubin  in  ammonia ;  to  the  solution  thus 
formed  add  nitric  acid  drop  by  drop,  and  note  the  marked  play  of 
colours  (p.  214),  the  final  product  of  the  reaction  being  choletelin. 

9.  Dissolve  a  little  bilirubin  in  caustic  soda  contained  in  a  small 
flask,  add  some  fragments  of  sodium  amalgam,  and  lay  aside  loosely 
corked  for  2  or  3  days.  Note  the  gradual  disappearance  of  colour. 
Decant  after  a  time,  and  to  the  decanted  liquid  add  hydrochloric  acid 
drop  by  drop  until  a  brownish  flocculent  precipitate  of  hydrobilirubin 
makes  its  appearance  (p.  214). 

10.  Spread  out  a  thin  layer  of  a  caustic  soda  solution  of  bilirubin 
upon  a  plate,  and  expose  it  to  the  air;  the  colour  will  soon  become 
intensely  green,  owing  to  the  formation  of  biliverdin. 

11.  Separate  cholesterin  from  some  powdered  pale  biliary  calculus 
by  boiling  it  with  some  spirit  to  which  a  few  drops  of  caustic  potash 
have  been  added ;  filter  hot,  and  when  the  filtrate  cools  crystals  of 
cholesterin  will  be  deposited.  Note  that  these  crystals  are  easily 
soluble  in  ether. 

(a)  Place  a  few  crystals  on  a  glass  slide,  add  to  them  a  drop 
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of  sulphuric  acid,  mix  y^ith  a  glass  rod,  and  heat  the 
slide  gently ;  apply  a  cover  glass,  and  note  under  the 
microscope    the  carmine  tinting  of  the  edges  of  the 
crystals  (p.  217). 
{h)  Dissolve  some  crystals  in  a  little  chloroform   and   mix 
with  an  equal  volume  of  strong  sulphuric  acid,  when  a 
red  solution  is  obtained,  which  rapidly  changes  colour, 
becoming  blue,  green,  and  finally  yellow  (p.  218). 
(c)  Cover  a  few  crystals  lying  in  a  small  porcelain  dish  with 
a  drop  of  nitric  acid,  and  evaporate  to  dryness  at  a 
gentle    heat ;    on  touching   the  yellow   residue   with 
ammonia  a  deep  red  colour  is  produced,  which  is  not 
altered  by  the  addition  of  caustic  potash. 
Blood. — 1.  Examine  blood  under  a  high  power  of  the  microscope, 
and  carefully  note  the  appearance  of  the  corpuscles.     This  should  be 
done  with  human  blood  as  well  as  with  the  blood  of  a  frog,  a  bird, 
and  a  dog  or  cat ;  the  blood  also  should  be  examined  alone  and  after 
the  addition  of  sodic  chloride  solution  (0'75  per  cent.) 

2.  Prepare  crystals  of  hcemoglobin  from  the  blood  of  a  guinea  pig 
and  of  a  rat  (l  and  2,  pp.  233,  234),  and  examine  them  microscopically 
(p.  237), 

3.  Prepare  crystals  of  hcemin  as  in  method  l,  pp.  249,  262,  and 
examine  them  under  a  high  power. 

4.  Apply  the  ozone  or  guaiacum  test  for  hsemoglobin  (pp.  240, 
260). 

5.  Add  a  few  drops  of  blood  to  a  small  test  tube  nearly  filled  with 
water,  and  examine  with  the  spectroscope  :  the  two  absorption  bands 
between  Band  e  will  be  seen  (pp.  238,  241). 

6.  Add  some  reducing  agent  to  the  diluted  blood  in  the  small 
test  tube,  and  rapidly  examine  again,  when  it  will  be  found  that  in 
place  of  the  two  stripes  a  single  broad  band  is  to  be  seen,  due  to 
reduced  haemoglobin  (pp.  241,  238). 

7.  Now  try  to  get  the  oxyhsemoglobin  bands  by  spectroscopically 
examining  in  a  dark  room  the  rosy  light  that  passes  between  two  of 
the  fingers  held  together  in  front  of  a  bright  light ;  and,  when  this 
has  been  accomplished,  look  in  the  same  way  for  the  single  band  of 
reduced  haemoglobin  after  both  fingers  have  had  the  circulation  in 
them  arrested  by  the  application  of  an  elastic  ligature  at  their  bases 
(p.  258). 

8.  Take  a  piece  of  rag  that  has  been  stained  with  blood,  scrape 
the  spot,  and  digest  the  scrapings  in  water  to  which  a  little  ammonia 
has  been  added ;  examine  the  coloured  solution  thus  obtained  with 
the  spectroscope,  and  look  for  the  absorption  bands  of  oxyhsemoglobin 
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(p.  238) ;  then  add  a  little  reducing  reagent  and  look  for  the  single 
band  of  reduced  'haemoglobin  ;  note  also  that  by  shaking  the  red 
solution  in  the  air  the  two  bands  reappear. 

If  much  ammonia  is  now  added  to  some  of  this  coloured  solution 
a  broad  band  of  alkaline  haematin  will  generally  be  found  between  C 
and  D. 

Next  add  glacial  acetic  acid  in  excess  to  the  rest  of  the  red  solu- 
tion, and  transfer  the  mixture  to  a  small  stoppered  bottle,  whei*e  it  is 
to  be  well  shaken  with  an  equal  volume  of  ether.  The  ether  soon 
separates  on  standing,  and  it  will  have  a  reddish  brown  colour ;  it  is 
then  to  be  decanted  into  a  small  glass  vessel  with  parallel  walls  and 
examined  with  the  spectroscope  (pp.  248,  259,  and  261). 

9.  Leave  a  blood-stained  rag  in  water  for  a  couple  of  hours,  and 
note  that  the  dingy  red  solution  obtained  gives  a  dirty  red  coagulum 
when  boiled  and  on  the  addition  of  nitric  acid,  also  that  with  dilute 
hydrochloric  acid  and  potassic  ferrocyanide  a  bluish  precipitate  ap- 
pears (p.  258).  Leave  another  piece  of  stained  rag  in  some  water  in 
a  test  tube  for  an  hour  or  so  ]  then  add  a  few  drops  of  ammonia  and 
boil,  when  a  dirty  grey  turbidity  is  produced,  which  disappears  on 
the  addition  of  a  drop  or  two  of  caustic  potash,  a  solution,  green  by 
transmitted  and  red  by  reflected  light,  remaining  behind. 

10.  Repeat  the  six  tests  for  blood  given  on  p.  263  with  a  single 
spot  of  blood  on  a  piece  of  linen  rag. 

Lymph  and  Chyle. — 1.  Examine  microscopically  some  lymph  ob- 
tained by  plunging  a  capillary  glass  tube  into  one  of  the  dorsal  lymph 
sacs  of  a  frog.     Note  the  character  of  the  corpuscles,  &c.  (p.  274). 

2.  Examine  in  the  same  way  some  of  the  chyle  obtained  from  the 
intestine  of  a  rabbit.  Note  the  corpuscles  and  the  molecular  basis, 
and  then  imgate  with  ether  and  caustic  potash  (p.  278). 

VI.  Certain  other  Secretions  and  Tissues. 

Pus  and  Mucus. —  1.  Examine  drops  of  both  fluids  under  a  high 
power,  noting  the  corpuscles,  free  molecules,  and  fatty  granules,  &c. 
After  having  looked  at  them  without  the  addition  of  any  reagent, 
exairine  them  in  sodic  chloride  solution  (|  per  cent.),  and  then  irri- 
gate with  dilute  acetic  acid.  In  the  case  of  the  mucus-  threads  of 
mucin  will  be  seen  (p.  283). 

Bone. — The  practical  exercises  commencing  at  p.  307  should  now 
be  performed,  with  the  exception  of  the  quantitative  analysis. 

Muscle. — 1.  A  piece  of  living  muscle  from  an  animal  just  killed 
is  to  be  compared  with  a  piece  of  muscle  that  has  entered  into  a  state 
of  rigor  (p.  315). 

2.  Prepare  kreatin  from  Liebig's  extract  of  meat  by  process  2,  p. 
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319.  The  crystals,  when  separated,  are  to  be  examined  microscopi- 
cally and  their  characters  noted  (p.  318). 

3.  With  a  watery  extract  of  Liebig's  extract  of  meat  make  the 
analysis  given  on  p.  329,  C 

Milk. — Repeat  the  tests  given  on  pp.  394,  395  (l,  2,  3,  4,  and  e), 
first  examining  a  drop  of  milk  under  a  high  power  of  the  microscope, 
then  taking  the  specific  gravity,  separating  the  casein  and  butter, 
and  detecting  the  sugar ;  also  determining  the  percentage  of  solids 
(p.  396,  l),  and  making  an  approximative  determination  of  the  cream 
present  (p.  397,  2,  ij). 

VII.  Urine. 

1.  The  7'eactions  and  characteristics  of  iiormal  urine  are  to  be 
carefully  noted  in  detail  (pp.  418-422). 

2.  Repeat  the  tests  (i-5,  7,  and  8) /or  urea  given  on  pp.  426,  427. 

3.  Determine  the  urea  in  urine  quantitatively  by  Liebig's  mercuric 
nitrate  method,  as  detailed  on  pp.  434-438,  and  also  by  its  conver- 
sion into  nitrogen  gas  with  Russell  and  West's  or  Simpson's  appa- 
ratus (pp.  445-447). 

4.  Perform  the  first  four  tests  given  for  uric  acid  on  pp.  452,  453. 

5.  Determine  approximately  the  uric  acid  in  a  specimen  of  urine 
by  adding  a  little  hydrochloric  acid  to  it  and  laying  aside  for  24  hours 
(p.  454). 

6.  Test  for  indican  by  acidifying  strongly  with  hydrochloric  acid 
and  then  shaking  up  with  a  little  chloroform  (p.  475). 

7.  Determine  the  sodic  chloride  present  in  urine  by  Mohr's  or 
Folhard's  process  (pp.  485-486). 

8.  Separate  the  organic  and  inorganic  sulphates  present  in  urine 
by  method  2  on  p.  489. 

9.  Determine  the  sulphates  of  urine  volumetrically  by  means  of 
standard  baric  chloride  (p.  490). 

10.  Examine  a  urinary  deposit  containing  uric  acid,  urates,  and 
phosphates  :  warm  part  of  it  up  with  a  little  of  the  urine,  when  the 
urates  will  disappear,  causing  a  partial  clearing  up ;  now  add  some 
acetic  acid,  and  the  phosphates  will  dissolve  ;  filter,  and  the  residual 
uric  acid  will  dissolve  on  the  addition  of  caustic  potash.  Some  of  the 
deposit  should  be  further  examined  under  the  microscope,  when  the 
yellow,  brown,  or  reddish-coloured  crystals  of  uric  acid  will  be  seen 
scattered  amidst  the  rhomboidal  or  triangular  prisms  of  the  phos- 
phates and  the  abundant  amorphous  granules  of  the  urates  (p.  492). 

11.  Separate  the  phosphates  from  urine  by  magnesia  mixture 
(p.  496)  and  by  baryta  mixture  (p.  437). 

12.  Determine  the  amount  of  phosphoric  acid  by  means  of  stan- 
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dard  nranic  solution  (p.  496),  and  also  approximately  by  Teissier's 
method  (p.  498,  III.) 

13.  Test  some  albuminous  urine  by  boiling  and  by  nitric  and 
picric  acid  (pp.  504-507). 

14.  Detect  the  presence  of  blood  in  bloody  urine  by  the  te^ts  on 
pp.  517,  518. 

15.  Test  some  diabetic  urine  for  sugar  by  the  first  four  methods 
given  on  pp.  523,  524. 

1 6.  Estimate  the  sugar  in  a  specimen  of  diabetic  urine  by  Fehling's 
method  (p.  76),  and  also  by  Bouchabdat's  approximative  method 
(526,  III.) 

17.  Test  for  biliary  acids  and  pigment  in  a  specimen  of  biliary 
urine  (pp.  530-535). 

18.  Examine  a  specimen  of  morbid  urine  according  to  the  table 
given  on  pp.  546-552. 

VIII.  Urinary  Deposits  ?nd  Calculi. 

Deposits. — 1.  Examine  a  little  of  the  deposit  according  to  the 
method  given  on  p.  554,  confirming  the  results  obtained  by  the  tables 
on  pp.  558-563. 

2.  Note  the  action  of  caustic  potash  on  the  deposit  when  examined 
microscopically  (p.  563). 

3.  In  specimens  of  albuminous  urine  casts  are  to  be  looked  for 
under  the  microscope  (p.  570). 

Calculi. — Several  specimens  of  powdered  calculi  are  to  be  ex- 
amined according  to  the  method  given  on  p.  575,  and  the  results 
obtained  confirmed  by  the  table  given  on  p.  577. 
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ILLUSTRATIONS  of  DISSECTIONS.  In  a  Series  of  Original  Coloured  Plates, 
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DEMONSTRATIONS  of  ANATOMY ;  being  a  Guide  to  the  Knowledge  of  the 
Human  Body  by  Dissection.  By  George  Vineb  Ellis,  Emeritus  Professor  of  University  College, 
London.     Ninth  Edition,  Revised.    With  248  Engravings  on  Wood.    Small  8vo.  12«.  6d. 

A  DIRECTORY  for  the  DISSECTION  of  the  HUMAN  BODY.  By  John 
Cleland,  M.D.,  F.R.S.,  Professor  of  Anatomy  in  the  University  of  Glasgow.  Second  Edition. 
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SURGERY:  its  Principles  and  Practice.  By  Timothy  Holmes,  M.A.  Cantab. 
F.R.C.S.,  Surgeon  to  St.  George's  Hospital.  Fourth  Edition.  With  upwards  of  400  Hlustrations. 
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A  system:  of  SURGERY  :  Pathological,  Diagnostic,  Therapeutic,  and  Operative. 
By  Samuel  D.  Gross,  M.D.,  LL.D..  D.C.L,  Oxon.  Fifth  Edition,  greatly  Enlarged  and  thoroughly 
Revised,  with  upwards  of  1,400  Illustrations.    2  vols.    8vo.  £3.  lOs. 

ANTISEPTIC  SURGERY:  its  Principles,  Practice,  Hisfory,  and  Results.  By 
W.  Watson  Cheyne,  M.B.,  F.R.C.S.,  Assistant-Surgeon  to  Kind's  College  Hospital,  and  Demou- 
stratorof  Surgical  Pathology  in  King's  College.    With  14-5  Hlustrations.    8vo.  21«. 

Mr.  Lister's  results  and  views  have  hitherto 
been  published  only  fragmentary  in  journals  and 
transactions  of  learned  societies,  Mr.  Cheyne's 
book  affords  a  trustworthy  and  complete  state- 
ment of  them.' — Lance  T. 


'In  the  volume  before  us  Mr.  Cheyne  has 
made  a  very  valuable  addition  to  surgical  litera- 
ture.  The  intimate  professional  relations  of  Mr. 
Cheyne  with  Professor  Lister  give  a  special 
importance  and  value  to  this  work;  for  while 


A  MANUAL  of  DENTAL  SURGERY  and  PATHOLOGY.  By  Alfred  Coleman, 
L.R.C.P.,  F.R.C.S.Exam.,  L.D.S.,  &c. ;  Senior  Dental  Surgeon  and  Lecturer  on  Dental  Surgery 
to  St.  Bartholomew's  and  the  Dental  Hospital  of  London  ;  Member ,of  Board  of  Examiners  in 
Dental  Surgery,  Royal  College  of  Surgeons  ;  late  President  Odontological  Society  of  Great  Britain. 
With  388  Illustrations.    Crown  8vo.  125.  6d. 


'It  is  always  satisfactory  to  come  across  a 
manual  written  by  an  author  thoroughly  ac- 
quainted with  his  subject,  and  with  a  just  sense  of 
proportion,  not  disposed  to  magnify  unimportant 
details  because  they  happen  to  include  subjects 


on  which  he  has  especially  worked,  nor  minimise 
in  importance  others  to  which  he  has  given  less 
attention.  The  manual  is  well  balanced,  clear, 
simple,  and  exact,  and  is  an  excellent  student's 
book.'— London  Medical  Rkcokd. 


HUMAN  MORPHOLOGY:  a  Treatise  on  Practical  and  Applied  Anatomy.  By 
Henry  Albert  Reeves,  F.R.C.S.E..  formerly  Demonstrator  of  Anatomy  at  the  London  and 
at  the  Middlesex  Hospital  Medical  Colleges  and  Lecturer  on  Anatomy  at  the  London  School  of 
Med'cine  for  Women  ;  Surgeon,  and  formerly  Pathologist,  to  the  Hospital  for  Women ;  Surgeon 
to  the  lloyal  Orthopfedic  Hospital ;  Surgeon  to  the  East  London  Children's  Hospital ;  Assistant 
Surgeon  and  Teacher  of  Practical  Surgery  at  the  London  Hospital;  Consulting  Surgeon  to 
the  Westminster  General  Dispensary  ;  formerly  Assistant- Surgeon  to  the  Central  London  Oph- 
thalmic Hospital ;  and  Surgeon  in  co-charge  of  the  Aural  Department  and  Surgical  Registrar  at 
the  London  Hospital,  &c.  Now  ready,  with  564  Illustrations,  8vo.  price  25s.  - 
Vol.  1,    Contents:  The  Limbs  and  the  Pekin.eum. 

ELEMENTS  of  HUMAN  PHYSIOLOGY.  By  Dr  L.  Hermann,  Professor  of 
Physiology  in  the  University  of  Zurich.  Second  Edition.  Entirely  recast  from  the  Sixth  German 
Edition,  with  very  copious  additions,  and  many  additional  Woodcuts,*  by  Arthur  Gamgee,  M.D., 
F.R.S.,  Brackenbury  Professor  of  Phys'ology  in  Owen's  College,  Mancliester,  and  Examiner 
in  Physiology  in  the  University  of  Edinburgh.    Demy  8vo.  16*-. 
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ATLAS  of  HISTOLOGY.  By  E.  Klein,  M.D.,  F.R.S.,  Lecturer  on  Histology  at 
St.  Bartholomew's  Hospital  Medical  School,  and  Noble  Smith,  F.R.C.S.  Edin.,  L.R.C.P.  Lend., 
&c.,  Surgeon  to  the  All  Saints'  Children's  Hospital ;  Senior  Surgeon  and  Surgeon  to  the  Orthof  fedic 
Department  of  the  Farring^on  Dispensary,  and  Orthopaedic  Surgeon  to  the  Britis^h  Home  for 
Incurables.  A  complete  Representation  of  the  Microscopic  Structure  of  Simple  and  Compound 
Tissues  of  Man  and  the  higher  Animals,  in  carefully  executed  coloured  engravings,  with  Explana- 
tory Text  of  the  Fisrurea,  and  a  concise  account  of  the  hitherto  ascertained  facts  in  Histology. 
Royal  4to.  with  48  Coloured  Plates,  bound  in  half-leather,  price  £4. 4*. ;  or,  in  13  parts,  price  6*.  each. 

A  MANUAL  of    PATHOLOGICAL   HISTOLOGY.      By  Corntl  and  Ranvikr. 

Ti-anslated  by  authority  from  the  New  and  Re- written  French  Edition,  with  the  original  Illustra- 
tions.   Histology  of  the  Tissues.    Demy  8vo.  price21«. 


'  "We  may  safely  recommend  the  work  as  the 
foremost  text- book  of  its  class,  and  we  are  cer- 
tain that  it  will  now  be  widely  studied  by  many 
to  whom  the  original  was  a  closed  boofe.' 

Lancet. 

*  There  can  be  no  doubt  that  this  manual  is 
by  a  very  long  way  the  best  in  the  English  lan- 
guage, and  we  can  heartily  recommend  it  as  a 
text- book.' 

Birmingham  Medical  Review. 


'  An  admirable  exposition  of  all  that  is  known 
respecting  the  morbid  histology  of  tlie  tissues  and 
organs  of  the  human  body.  .  .  .  We  should  be  glad 
to  see  it  in  tha  hands  of  all  medical  students,  and 
of  all  those  who  wish  to  keep  themselves  in- 
formed of  the  present  state  of  pathology.' 

London  Medical  Record. 

'  We  can  heartily  recommend  the  book  to  all 
who  are  interested  in  the  study  of  i)athological 
histology.'  Glasgow  Medical  Journal. 

The  DESCRIPTIVE  ATLAS  of  ANATOMY.  A  Representation  of  the  Anatomy 
of  the  Human  Body.  In  92  Royal  4to.  Plates,  containing  550  Illustrations.  Introducing  Heitz- 
mann's  Figures,  considerably  modified,  and  with  many  Original  Drawings  from  Nature,  By 
Noble  Smith,  F.R.C.S.  Edin.,  L.R.C.P.  Lond.,  Surgeon  to  the  All  Saints'  Children's  Hospital, 
Senior  Surgeon  and  Surgeon  to  the  Orthopaedic  Department  of  the  Farrinedon  Dispensary,  and 
Orthopaedic  Surgeon  to  the  British  Home  for  Incurables.    Bound  in  half-leather,  price  255. 

'The  plan  of  this  work  is  most  excellent,  and 
to  one  who  is  unable  to  keep  his  anatomical 
knowledge  always  ready  at  demand,  but  who 
requiies occasionally  to  refer  to  partictilai  points, 
it  will  prove  an  invaluable  aid.  Instead  of  a 
letterpress  description,  with  letters  or  figures  to 
aid  in  identifying  the  various  processes  of  bone, 
or  muscles,  or  blood-vessels,  these  structures  are 
labelled  in  si7m.'— Glasgow  Medical  Journal. 


•  Certainly  one  of  the  most  remarkable  publi- 
cations of  the  day.  The  great  advantage  which 
it  presents  is  that  all  the  attacliments  of  bones, 
the  arteries,  veins,  &c.,  are  copiously  lettered  and 
described  in  situ,  and  the  arteries  and  veins  are 
coloured.  The  book  i-J  one  of  great  utility  and 
merit,  and  reflects  credit  on  the  artist,  and  also 
on  those  who  have  produced  it.' 

BnrnsH  Medic.u.  Journal. 


An  INDEX  of  SUEGERY:  being  a  Concise  Classification  of  the  Main  Facts  and 
Theories  of  Surgery,  for  the  Use  of  Senior  Students  and  others.  By  C.  B.  Keetley,  F.R.C.S., 
Surgeon  to  tt^e  West  London  Hospital,  and  to  the  Surgical  Aid  Society.  Third  Edition.  Crown 
8vo.  10a.  6d. 


'  Will  prove  truly  valuable,  and  will,  we  trust, 
for  many  years  be  kept  up  to  the  imperious 
demands  of  surgical  progress.  The  system  of 
arrangement  is  just  what  the  system  in  such  a 
publication  should  ever  be,  purely  alphabetical, 
and  the  text  is  written  in  an  e'egant  and  intel- 
ligble  English  as  can  be  expected  in  conden- 
sations and  abridgments.' 

British  Medical  Journal. 


'  Mr.  Keetley's  work  fills  a  gap  that  has  long 
existed  in  the  educational  literature  of  surgery. 
Previous  attempts  have  been  made  to  produce  a 
book  of  the  same  character,  but,  compared  with 
the  *'  Index,"  they  have  all  been  crude  and  in- 
effectual. We  heartily  congratulate  Mr.  Keetley 
on  his  performance,  and  as  heartily  thank  him 
for  conferring  a  real  boon  on  medical  students  by 
this  much  needed  and  excellently  executed  aid  to 
the  study  of  surgery.'  Medical  News. 


The  SURGERY  of  DEFORMITIES.  A  Manual  for  Students  and  Practitioners. 
By  Noble  Smith,  F.R.C.S.  Edin.,  L.R.C.P.  Lond.,  Surgeon  to  the  All  Saints'  Children's  Hospital, 
Senior  Surgeon  and  Surgeon  to  the  Orthopajdic  Department  of  the  Farringdon  Dispensary,  and 
OrthopiBdic  Surgeon  to  the  British  Home  for  Incurables.  With  118  Illustrations.  Crown  8vo.  lOs.  6d. 


'The  woodcuts  show  very  practically  the 
points  which  they  are  intended  to  illustrate,  and 
materially  help  the  reader.  We  can  recommend 
this  as  one  of  the  most  practical,  useful,  and  able 
handbooks  of  Orthopfe<lic  Surgery.  It  is  one 
which  will  be  alike  popular  and  useful  with  prac- 
titioners and  students,  and  establishes  for  its 
author  a  high  position  in  the  department  of 
science  and  practice  which  his  handbook  illus- 
trates.'—British  Medical  Journal. 


'  This  is  a  sound  practical  guide  to  the  treat- 
ment of  bodily  deformities,  based  evidently  upon 

personal  observation  and  experience We 

can  cordially  recommend  the  work  as  a  guide  to 
busy  practitioners,who  will  find  in  it  just  what 
they  want,  clearly  set  forth  and  illustrated.' 

London  Medical  Record. 
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A  SYSTEiM  of  OBSTETRIC  MEDICINE  and  SURGERY:  Theoretical  and  Clinical, 

for  the  Student  and  the  Practitioner.  By  Hobkrt  Barnes,  M.D.,  Obstetric  Physician  to  St. 
George's  Hospital,  Consulting  Physician  to  the  Chelsea  Hf^spital  for  Women,  &c.  ;  and  Fancouht 
Barnes,  M.U.,  Physician  to  the  Royal  Maternity  Charity  and  to  tie  British  Lying-in  Hospital, 
Assi>tant  Obstetric  Physician  to  the  Great  Northern  Hospital,  Physician  to  the  Chelsea  Hospital 
for  Women.  The  Section  on  Embryology  contributed  by  Professor  Milnes  Mahshall.  Vol.  I. 
8vo.  profusely  Illustrated,  price  18.?. 

A  TREATISE  on  the  SCIENCE  and   PRACTICE  of  MIDWIFERY.     By  W.  S. 

Playfair,  M.D..  F.R.C.P.,  Physician- Accoucheur  to  H.I.  and  R.EI.  the  Duchess  of  Edinburgh  ; 
Professor  of  Obsteiric  Medicine  in  King's  College;  Physician  for  the  Disea?  es  of  Women  and 
Children  to  King's  College  Hospital  ;  Consulting  Physician  to  the  General  Lying-in  Hospital, 
and  to  the  Evelina  Hospital  for  Children  ;  late  President  of  the  Obstetrical  Society  of  London  ; 
Examiner  in  JMidwiiery  to  the  University  of  London,  and  to  the  Royal  College  of  Phys.cians. 
Fourth  Edition.     2  vols,  demy  8vo.    With  166  Illustrations.    28s. 

A  MANUAL  of  MIDWIFERY  for  MIDWIVES.  By  Fancourt  Babnes,  M.D.  Aber., 
M.R.C.P.  Lond.,  Physician  to  the  Royal  Maternity  Charity ;  Physician  to  the  British  Lying-in 
Hospital;  Assistant-Obstetric-Physician  to  the  Great  Northern  Hospital ;  Physician  to  the  Chelsea 
Hospital  for  Women,    Second  Edition.    Crown  8vo.  with  numerous  Illustrations,  65. 

DISEASES  of  WOMEN  :  including  their  Pathology,  Causation,  Symptoms,  Diagnosis, 
and  Treatment.  A  Manual  for  Students  and  Practitioners.  By  Authuh  W.  Edis,  M.D.  Lond., 
F.R.C.P.    Second  Edition,  thoroughly  revised.    With  numerous  Illustrations.    Demy  Svo.  125.  6'/. 


'The  work  before  us  is  the  product  of  a. 
gynaecologist  of  large  experience,  and  bears  the 
stamp  of  great  diligence  and  earnestness  of  pur- 
pose. The  author  has  obviously  spared  no  trouble 
to  produce  a  good  and  trustworthy  manual ' 

Lancet. 


*  Dr.  Edis  may  be  congratulated  on  having  pro- 
duced a  most  readable  and  trustworthy  guide 
to  the  diseases  of  women.  The  work  is  up  to 
date,  and  is  evidently  that  of  one  who  has  spe- 
cially studied  the  diseases  of  women.  It  is  sure 
to  be  popular  with  students,  as  well  as  with 
practitioners.'— BKrrisH  Medical  Journal. 

THE    QUESTION   of  REST   for    WOMEN   DURING   MENSTRUATION.      By 

Mary  Putnam  Jacobf,  M.D.,  Professor  of  Materia  Medica  in  the  Women's  Medical  College, 
New  Yorif,    With  Illustrations.    Demy  Svo.  V2s. 

GENERAL  and  DIFFERENTIAL  DIAGNOSIS  of  OVARIAN  TUMOURS, 
with  Special  Refei-ence  to  the  Operation  of  Ovariotomy,  and  Occasional  Pathological  and 
Therapeutical  Considerations,   By  Washington  L.  Atlee,  M.D.  With  39  Illustrations.  Svo.  20s. 

A  TREATISE  on  the  THEORY  and  PRACTICE  of  MEDICINE.  By  John 
Syer  Buistowe,  M.D.  Lond.,  Fellow  and  formerly  Censor  of  the  Royal  Collcf^e  of  Physicians  ; 
Senior  Physician  to,  and  Joint  Lecturer  on  Medicine  at,  St.  Thomas's  Hospital ;  President  of 
the  Society  of  Medical  Officers  of  Health  ;  Examiner  in  Medicine  to  the  Royal  College  of 
Surgeons  ;  formerly  Examiner  in  Medicine  to  the  University  of  London,  and  Lecturer  on  General 
Pathology  and  on  Physio'ogy  at  St,  Thomas's  Hospital.    Third  Edition,  Svo.  price  21s. 

CLINICAli  MANUAL  for  the  STUDY  of  MEDICAL  CASES.  Edited  by 
James  Finlayson,  M.D.,  Physician  and  Lecturer  on  Clinical  Medicine  in  the  Glasgow  Western 
Infirmary,  &c.  With  Special  Chapters  by  Prof.  Gaikdner  on  the  Physiognomy  of  Disease  ; 
Prof.  Stephenson  on  Disorders  of  the  Female  Organs  ;  Dr.  Alexander  Robehtson  on  Insanity  ; 
Dr.  Samson  Gevmell  on  Physical  Diagnosis  ;  Dr.  Joseph  Coats  on  Laryngoscopy  ard  also  on 
the  Mothod  of  Performing  Post- Mortem  Examinati<  ns.  The  rest  of  the  book,  on  the  Examina- 
tion of  Medical  Cases  and  on  the  Symptoms  of  Disorders  in  the  Various  Systems,  is  by  Dr. 
Finlayson.    With  numerous  Illustrations.    Crown  Svo.  125.  6d. 

LEGAL  MEDICINE.  Part  11.  Contents  :  Legitimacy  and  Paternity — Pregnancy 
Abortion— Rape  —  Indecent  Exposure— Sodomy— Bestiality— Live  Birth— Infanticide— As- 
phyxia—Drowning— Hanging— Strangulation— Suffocation.  By  Charles  Meymott  Tidy,M.B., 
F,C.S.  Master  of  Surgery  ;  Professor  of  Clieriiistry  and  of  Forensic  Medicine  at  the  London 
Hospital ;  Official  Analyst  to  the  Home  Office  ;  Medical  Officer  of  Health  for  Islington  ;  late 
Deputy  Medical  Officer  of  Health  and  Public  Analyst  for  the  City  of  London,  &c.  Now  ready, 
royal  Svo.  21.«.  . 
*  *  P',RT  I  including  Evidence- The  Signs  of  Death— The  Post-mortem- Sex— Monstrosities 
—Hermai'hrod ism— Expectation  of  Life— Presumption  of  Deiith  and  Survivorship- Heat  atd  Cold 
— Burns -Liehtninc  Explosions— Starvation.    With  Illustrations.    Royal  Svo.  265. 

•  Dr.  Tidy's  handsome  volume  cannot  fail  to 
be  acceptable  to  those  members  of  the  pn^fession 
who  act  as  medical  experts,  and  is  a  necessary 
work  of  reference  to  be  placed  in  every  medical 
library.' — London  Medical  Record. 


-Burns— Lightning  Explosions 

*We  can  highly  recommend  Dr.  Tidy's  book  to 
the  profession  as  a  solid  contribution  to  the  sub- 
ject of  Forensic  Medicine,  and  one  which  cannot 
fail  to  increase  the  author's  reputation  as  a 
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